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i

Th.i_volume, Vol,_me II_contai_3 rollthe substantiating data of

the Preliminary Application Stud_ of the jet-Flap Rotor conducted by Vought

Aeronautics Division of LTV Aerospace Cor%'o_tlon under contract to NASA

_m_.sReseamch Center mad to the U. S. Army.Aeron_utlcml Research Laboratory:

Moffett Field, California. A summaz_ of the work is reported i__ volume !.

Vol_m_s I and II complement each other.

The purpose of the l_-ellmAmayy A1_llcation Study was t,o investi-

gate basic performance of hellc_ters equil_ with Jet-flap rotors and to

compare that l:erformmace wlth that of gha._-dz"ITen hellcopteyg. The mi8slon

w_s no_ defined by the Statement of W_k. l_ther the comtractor _ to co.duct

a m_seton analysts in v_ch high speed and hea-_y ]_ft missions of :all types were

to be surveyed and typ2cal missions in each area selected as base po_a_t8. One

of the _ goals of the study yea ":,o de%,ezmtne the ,-4me!on bert; m_ted to

utilize the Jet-flap _otor'e Calmb_l_tte8 and potentials. A_tttonall_ the

8tu_ was to tdentifF othe_ areu of reset-oh required to embanee the uN of the

_et-fl_p rotor _eept.

The _t_ _s conducted in two l_ees. The f_r_t pha_ utilized

the Dorand _ _011 39" foot te_t rotor as a ba_e for performan_ caleulattom.

eolg eyel_ .let-/ga_ pure hel_opte_'8 _ included in the _ of the

_ith be_ remlAst_ e__ of perg_mance paremete_g. The

phase consisted ot' • 8emsJ.t,J.wJ._r _ in _._J._tl "r,he effect of va,-t£t;/on of

sore of the k_r psramters o_ the desSsnsm 4etemined. Other _s Sn t_e

Meoa4 _ taelu4a4 bz'tet 8tu41,u of ".._:n_m_:om_mma._b_g:_11 "r.em&_,

and _e¢-fAa__oR_/_xam_ _ fKt_ guIAtles.

1-1
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in thls vo!_ data _ze p:'eaented by technic_1 desclpllne including

the m_safon emm_yeis, aero_m_s..._.ei_n, w_l_hts, structural and design.

Also Inr.!_d_d _re descriptlo_s of the ,_cmput,,_rprograms uaed in the st_y.

Am r_Dorte_ in the _ Volume, on the besis of cost and

performance a_one no d_cid_.d a_ntage of the Jet-f_p co_red helicopter

could be -_3ownover ahaft-_ri;-_n helicopters in missions _ich the _.haJ_-dyiven

helicopters perform _ _om_einta_ble factors a_ch as smooth flight

characteriattcs at high s_.e'_ which could contribute to an improvement

of the Jet-flapmaintainabil_ _y could not _e _cceunted fo_ in a performance

study such as thie. They cc_tl_ have an important effect on _he dmsix_blllty

of the pure J_t-flap he_c_er and should be further stu_ie_.

In more severe missions such as those _rin_" htghe_ disc

loadi_s, and in particular, the stopp_ble rotor appllc_tion, the _et-flap

rotor or _ v_ri&tic_ of it, appears highly competitive.
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] l. ODU%?ION

The )bjee%ive of the subject contract was to define applications

fo: the jet-flap helicopter concept based on _he colneidence of the stronge-t

poinzs in ge_-fi_p _eennoio_j expressed in performance, economics, and the

practical evolution of military and civil helicopter needs_ Prior to &ny

evaluation of the relative merits of the Jet-flap helicopter versus con-

ventional shaft-drlven vehicles, it was necessary to perform a mission

ang/.ysis as a basis for defining point design vehicles. Reference i w.hich

was submitted previously established mission requir_Anents for helicopters

in the i975-19_5 time frame. The reqLtirements as specified in Reference 1

were developed as a result of a survey of projected needs for hi_-speed and

heavy-lift helicopter operations. Design points thus established were used

for the first iteration in the comparative evaluations. During the course

of the overall study, the original mlssi_n requirements defined in

Reference ! were re-appralsed and updated to bFI_E them more Into _n,: with

helicopter state-of-the-art capabilities. Ps2aEraph 2,0 serves a twofold

purpose: (1) to su_artze end update the earlier report and (2) to indicate

potential helicopter applications which make use of a sha_;-driven vehicle

with Jet-flap au@mentation, as well as a stopped/stowed rotor Jet-flap

COnCept °

2.2 POINT DESIGN RECOM_RDATIOff BASED OH PRE_Y STUDY

In the course of the preliminary requirements _udy reported

earlier, an extensive volume and variety of mi_/tary and cc_ercial planning

2-1

1969016190-015



"3

2

12

literature was re _ewedo Other major sources of infoz_mtion and da_a

were mi!itar/ specificationsand previo,_slycompleted LTVAC studies. The
:

_a_ez ........ez_[ned in depth the mission requirements for fut,±reettack

and transport air vehicles.

characteristics may be coincident or independent in occurrence, the same

established mission function, e.g. _ Army transport, may be considered from

two different perspectives. The final design point recommendations,therefore,

resulted from defining the consensus of what the typical helicopter of

1975-1985 having high-speed or heavy-ligt capabilities might encompass.

The :l'oLlc_rlngdesign point was recommended for the initial

evaluation of the hlgh-speed helicopter:

• Payload • 4,000 l_Ounds

• Radius of Action - 200 nml

. Desired Maximum Speed of 250 kt

Desired C_ise Speed of 200 kt

No loiter or extensive midmission hover is required beyond a normal 5

minutes at origin and 10 minutes at midpoint. The _.ldmission environment

condition is 95°F and 6,000 feet. This rpecificatlon is based on the

Ann's requirement for the Util£ty Tactical Transport (UfT). The cabin

configurationmust be suitable for a variety of uses and is to have two

doors, one on each side with each door bavi_ a width of at least 4 feet.

No ferry range is prescribed.

2-2
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po.....was rec_,.mme_ed for *_'_initial

e_!uation of _he aea_v._ii_, helicopter:

' Payload - Radius Combinations

• Prime: 50 tons at 50 nmi

• _-tended: _5 tons at iOO rm_i

• Desired _kucim_. Speed of 175 kt

• Desired Cruise Speed of 150 kt

(both with cabin fuselage)

The cabin configuration internal cross section was prescribed as no less

than 12 feet by _ feet. (This cabin may be designed such that it can be

separated from the vehicle, permitting the hauling of externally slung loads. )

The cabin _ould have a rear door and rsz_ of the same indicated cross

section. The midmission environment condi%ion was specified as 95"F at

" 6,000 feet.

2.3 DISCUSSION OF PRELD4INARY ANALYSIS

Table 2-1 summarizes the major performance and configurations

expected to be associated with future high-speed and heavy-llft helicopter

missions. The major design points covered include payload, radius of action

(or equivalent radius), speeds, cabin configuration, environment conditions,

and ferry considerations.

2.3.1 H.tgh Speed Missions

The missions taken to be most de_a_11ng for high speed operational

capability in the 1975-1985 time frame include: light tactical transport

for the Ar_ and Marine Corps; escort and weapon delivery for the same

2-J
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_,r6r_r:iza;i,sn:: ; s'_<'veii!an,; _, re <".;.A%ISD_._Ce _ "<:i r_,:<-':e_ ,::ri ' he 6e:lcra-

ci'.i.! a_pilcati ;r..

___le 2-i s :y,;s Day!oae} z'_ctuirementsran_in@ from Jess

ths_ ?,t'£,?pcmnds %0 a,COC po.±nds_ Jt was reco._r<endedtha< the point de._ign

payload b,.._ h,O00 pom_ds. _"_.is is because th_ helicopter is beco..minga

weapon-c.ar_'Lng veb,_cie, as indicated _'¢_design trends for new systems such

as the AH-IC_ Cobra and AAFSS, and it is also applicable to a multiplicity

of _ises.

The recommended design point radials of action was 200 nmi. T.his

radius provides for the escort/weapon capability with the full _,O00-pound

payload. Additicnsl loiter and/or station time _equired for the surveillance

and reconnaissance function can be obtained by trading off payload for

loiter and station-time fuel, since about 2,000 pounds less payload is

vlstu_lized for the intelligence and informatioi,-gathering function.

_e consensu_ of the survey concerning speed requirements was

that cruise _peed for the point design vehicles be no less than 200 knots

with a designed maximum speed of 250 knots.

There was no clear mandate for the rear-loadlng configuration in

high-speed h_llcopter design. Several large side doors, preferably on

opposite sides and having a sizable width (at least 4 feet is desirable)

to accommodate rescue stretchers, etc., a_e 4esirahle. Cabin size is one

of the few design points for which co_nercial applications have a notable

input for the high-speed vehicle. A _,O00-pound payload capability will

accce_odate about 20 passengers. In order to avoid excessive fuselage

length, i_ was recomuende_ that the fuselage be wide enough for an aisle

2-5
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:<_'_t:_,_ _ __c_t a_'_,: _ _:_ _'e: _re, a "-_<b ::? _:_ _e2_ t!'_a:__ fe_ _'_ _

rotom,_ended.

T_e i_ck c_,'._Z,]z_ssi:mlanling re__'_rement for t!'_eescort,/'<eaF'_,::

an] s'_rveillancr and r<:connaissance m_issions reduces sonewhat the Lmportance

9f altitude _._dtemperature as _esign _ars.meters. it is e._.yeetedthat

en,rlro_m.,,entconstraints at origin (.takeoff] _.ante ai!eviatgd l-v rolling

qnd short takeoff techniques in most cases. En__ronment conditions at _,_d-

mission for the trans_o_ ftu_ction when _erfcr_ed in potential limited war

areas do, however, justig_- a requirement that midmission landing and takeoff

be ac_o_plished at 95_F at 6,000 feet.

By the 1975 time period, the C5 type aircraft will be a major

element in the military overseas deployment and log±stic support system.

SmalL: tactical helicopters, such as the type _underdiscussion, can easily be

made transportable in t.his aircra_Z; therefore, the design of the smaller

craft need not be affected by ferry range requirer,ents.

2.].2 Heavy Lift Missions

The future needs for heavy lifting capability in helicopters

appear to be pinned to five mission areas: downed .military aircraft recovery,

Arm_ TO&E logistics, Arm_ unit movement_ Navy and Marine intership shuttle

ant ship-to-shore movement, and the civilian short-haul passenger operations.

In order that the full potential application for the heavy-lift

helicopter be exercised, it was recomuended that the prime point design

payload be 50 tons with an extended radius Imyload of 35 tons. This prime

payload will provide the capability for lifting all items of military

significance. _he 3_-_oa cap,city is moze compatible with present trends in

military assault operations and cmmercial passenger movement.
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Y-_r _ -,-<v,--_ _ "r.'_"-_t'_" ,r" __i:_t_'V nora_ i<.__ _iL± vn_" :,r,_";n_: _% _<_

.... ,,..r .... r ___ was re,tommendc,.!

_..a_ des:[::,ra.di:c f_r _ p -'- . _load "_,_5C n_i ar,d that an extended

• " " ' I ¢-,r, •

fhe ",mlue oi's_eed is closely tied to mission economics but is

need for speed t_ s_r_ive or to ac_3mire a target or to achieve the element

of surprise, if one considers the hea_7-1ift helicopter for missions on

wb_ich the cargo is or could be can-ied in an enclosed compartment, then the

speed capabilit?; s.hould logically be at least as good as that, of contempora,_-

systems perfor.dng these missions. In tl_is case a maximum s;,ed of 175 knots

%_s _ _'_" _ _n cruise capability of at least 150 knots._pe_e_ a= desirable -'_' a

If one considers the external ca__gosituation, th_n current

experience would indicate the capability cruise speeds seldom exceed

i00 knDts, with the majority of missions conducted at speeds under 50 knots.

Because a,ri_tion economics stmmmmily ,dictates that the cost is

highest when aerodynamic drag is greatest and since the majority of missions

could be accomplished with cargo carried internally, it w_s reco_nended that

the design maximum speed be st least 175 knots with _.150-knot cruise

cap_k.illty for an enclosed fuselage.

Review of the military and cc_=nercial applications for a

hea_--lif_ helicopter of the peMload., radius, and speed capabilities thus

far prescribed resulted in the c,_nclusion tha% the internal c_bin configura-

tion should be at least 12 feet by 12 feet in cross section with a length

of '[5feet.

2-7
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'_-._'oot b/ _-foo_ _r©ss :;eq%!_:: _,ius _ ,]_=ve-i:. r:,z_r i:, v;ier o._-:;c:.oiat,:

military _ .... _'__

A revie'_ of d_estic _nd overse__:_ :'erry r',:_tes indicated that

the min_um ac_rtab_,,^__ fer<f __ar_o__±t.." _" ,_ ,o_.'"- the h_a'_,,'-iif_onelicor_ter_ is

2,600 nmi. A more desirable capsDility wo lid be j,_o/_ nmi. Since special

cabin ._leltanks are e.xpectedto be acceptable, and since adeTiate payload

capability is _ls_ enpected to be av_ilnble, no ferry-ra_4_erequireneno _as

spelled out for t.Lehea_;y-liftvehicle.

2.h UP-DATEDMISSIONS

2.4.1 b_0datedHigh-Speed Helicopter ._tission

In the optimization studies of the preliminaz_ high-speed

helicopter point design, the payload/speed/radiuscombination of 4,000 lb/

200 kt/200 nmi reconmendedby the mission study smmmarized above, together

vith the drag of the vahicle, resulted in a divergent fuel required/fuel

availP.blesituation. In an effort to resolve this discrepancy, the pre-

liminary point design requirements were reviewed. It was the conclusion

of the study group that an equally valid mission was one of 150-nmi radius

with a more dense cargo compartment to accommodate both passengers and cargo.

Thus, the point design was reduced, and a more dense cargo compartmentwas

designed, resulting in a cleaner fuselage and lower drag.

The refined typical high-speed helicoptermission defined for

comparing a Jet-flap rotor helicopterwith a shaft-driven helicol_er is:

2-8
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• ?_,'!o_/- ,_" .b

' Kadius of Acti_n - !50

. Desired _i_e S_eed - 2f0 k.nots

• Car_o Co_..oartment- M__nim-_z_ros.,.section

, _'d_i_$1on Hu;_z - iO minutes

2.h.2 Updated Hea_'-Ligt He.'4.COl_.er FtLssi-:cz

Initial studies of the jar-flap helicopter required to _ the

typical miss.tons reded in the preliminary st_ _ted that Im._//_

shaft horsepower on the crder of 150,000 was requ/u-ed. The shaf%-_rlven

_-_on heavy-lift vehlcie required approxlmatel_ 46,000 trp. ."hestudy

,group is of the opinion that tbes ; power requirements represent a step

_beyoad what shou/d be considered for the base point. The _O-tom sba_-

drtwm dest_n is illustrated in Figure 2-1. The _ design require-

_e_s were revJ.e_ed a_d were Updated in ord_'-1__o__ the _-'metrle

stu4_ _vad a pmmr requ/rele_ vhtch is more realistic for the 197_-1980

t_ period.

T_e follmdnS point desert _as re_c_ended:

. _I_ - _),_

• _mdAus of Action - 10 m_L

. Sl_ed- _0 kaoZ.

, ll_llm_l,.omBown.- 2

. Cu_o _ - _ w_d.=_e-bence, _ _ !

•/.eao_a Zae_ la-de._ st_

xt _,_bua_n_ tha_ MztsadLs_l,_zis z_e_t_lLve _t"M_t_z_Zudz,ud of "

theae_t_mm_tlen ez_m_t_j_ehe_ de_. Xt _ =osteases :_,

•
- - ii [mmmmmlmmmmm_lm4ml_m lillilliim_llllmll _ _ i I • i Ill I
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where a crsze-ty/_ _hlcle would be used, such as retrieval of downed adr-

craft, unloading n ships where port facilities are inadequate, movaz_nt of

hea_-y equipment a_ross area._ i_ssible by s,xface means (rivers, swamp, and

r;BLrshland), etc.

2.5 ADDITIONAL JET-F4_P CONCEPT APPLICATIGNS

Studies to date concerming the Jet-flap concept have been pri-

marily concerned with comparing the pure jet-flap vehicle with the shaft-

driven vehicle. In most cases these comparisons have been made in the

regime where the conventional (shaft-driven) vehicle is already extremely

efficient. Thus, in an effort to define areas (missions) where the Jet-flap

concept may prove to be most applicable and to satisfy the terms of the

NASA contract, additional al_lications were briefly explored to the extent

that time w_ld permit. Two l_rticu_r areas which appear pr_2sing include

sb_ft-driven vehicles with Jet-flap au_Icntation and a stc_/st_ed rotor

jet-flap conce_ This par_ identifies missions for which these two

concepts wc_ld be applicable.

2.5.1 Astronaut/Space Capsule Recovery

With the advent of the Apollo _ _ionp i_Io_ an the

order of 1_,000 to IS_OOC pmmda (Cal_tl_ ve_ht inc_ _ter _pped

aboard for ballast) will be rm_La_d to be recovered in the open G_ean.

In the future the recovea_ of even h_v_er apace cal_Ll_ _ be r_la_d.

Present day operatlou _ t_Is recc_mry to be am_ by _ m,

;_wtl_darly _ the case of a m eqmle, beoaw_ of map (_ to IO0 ,-_)

t
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and pay!oa! req_r_ment c_ombizations. Because of the jet-flap concept's

ilf_ir_ capability (e_L_ted to be 2 to 2-I/2 times that of the conventior_l

helicoFter), it appears that a shaft-driven velnicle with jet-flap augmentation

c_ald perform this mission most effectively. Under no._nal conditions,

"sFlash-dc_m' area and ti.ne are ._nown. The vehicle used in the conventional

mode could be in the area hovering and prepari_ for capsule pick-up. After

"sl_lash down" and during hookup with the capsule, all helicopter operations

would be in the conventional mode. This period would last up to 30 minutes

or longer. Thrum, a more economics.l use of the vehicle is realized in that

fuel requirements are greatly reduced over that of tlnepure jet-flap ve.hlcle.

After hookup, the helicopter converzs to the jet-f1_p mode for pickup,

climb, and acceleration to cruise speed. Depending upon conditions after

obtaining cruise speed, reconversion to conventional flight mode may or

may not be accomplished. However, location of the surface vehicle is not

as critical, and recovery of the cal_ule and its return to a more friendly

environment is accomplished in a much shorter time period than presently

achlevable.

For the case of an aborted Apollo mission where "splash down"

location and time are unknown, a stopped/stowed rotor Jet-flap vehicle

ap_rs feasible. Ia this mtssica, time becomes lm;xn-tant in that recovery

of personnel is paramount. Here a better match of _ is avallmble

f_ speed and the _ _ t_" ho_ v_.th tim .let-_

- Tun- • I r 1 • mmmm u _ ..............
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2.5.2 C_bat _ircrew Rescue

If this mission is to be accomplished by helicopter type_

vehicles, it appears tYmt the stol_ped/stowedrotor jet-flap concept would

be very practical. As in the aborted ApoLlo _ssion, time, and zherefore

speed, are important in addition to the hovering capabilities during actual

pickup. Again a much better a -h of power requirements for h_er and forward

speed is available.

2.5.3 Dovned Aircraft Retrieval and Large Equipment Movement

Since it is never possible to know in advance the location of

a downed aircraft or when large equipment is to be moved, it is not always

possible to have present a lifting vehicle in the required location. Thus,

a shaf_-driven_ Jet-flap augmented vehicle al_ears ideal for this mission.

The helicopter might be located some distance away from the d_aned aircraft

or equtl3nent. It c_uld be operated in the conventional mode fram its base

to the location of the item to be moved. After hookup with the item, the

helicopter would convert to the Jet-flap mode for pickup, climb, and

acceleration to cruise _d. Reconversion to coaventio_ helicopter flight

would be accomplished as :required.



2
f

2._.) Other Applications

Additional applications which could most effectively utilize

the sha*t-driven, jet-flap augmented vehicle &nd/or stopped/stowed rotor

concept include:

• M_rine over-the-beach (vertical envelopment) - $_-drive_,

Jet-flap augmented concep_

. Navy Intra-Task Force Resupply - shaft-driven, Jet-flap

&u_nented concept

Army/Navy/Air Force high priority cargo de,l.ivery (utility

mission) - stopped/stowedrotor Jet-f__apconcept.

• @

m
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3.0 AEPODYNAMICS

The results of the parametric study are present,_ in %olume I.

Presented iu this section are additional aerodynamics data which substantiate

the results presented in Volume I. Also included are discussion of some

additional ae_cs studies. P_scriptions of the computer prc_rams

used in the performance ana/yais are contained in the Appendix to this Volume.

3.1 HIGH-SPEED HELICOPTER _IC STUDY

The design mission for both the high-speed shaft-drlvenand Jet-

flapped helicopters is de,ailed bel_:

Payload = 4,000 ib

Radius of action = 150 _ml

Cruise speed. = 200 Mt or _ s]peed

P_ver requirement = T/W - 1.O K at 6,000 it, 95"F

Hover time:

At _£gin= 5rain

At mid-minlon ,, I0 Lin

Maxl-up allmmace - 5 mla at

Xqeeex,m - I0_ taA*.ieA _,,_

3.1.1 a_at_-XrA_eaHelAee_ Ol_i_la_iea

3.1.1.1 aaaae uf

3-Iwwe,_ t_enap _r_ fer_e at_-_ee4

e_at_-a_ _tAee_e_;m_wAe _. A _r _I.qpeel.VT- 61,)n/,e:,

_ re. (I)ae_evea _ m t_ me_ md_, _ - ._,

att_e_ _ _ q_e4,Ym_ " 2_0_; aaa(_)mAata_ euf/_e_e_

3-%

'" +LLII L _ . _ ' - I • - - I ....

,mr mr- i mill I lr
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rims to '*LmJ.t ,_on1:_ ma_le. _e n:_ber of bl._ulms "#as set at tvo. The

,-ombin_tion of theme p_m_tez _ yields rotor lift coefficients of reasonable
1

v_lue w_nJch bracket a CL - ._,.

TABI_ B-i KIGH-SI_ S._-DR/V_ HELICOPT_ - KKNGE OF !_AR_'_

;ross Weight, !b, 12, 00, lh,O00, 16,000

._otor F1_uneter, ft, 55, _5, 7_

Sol Idlty .(3_, .I0, .i2

TipsDee,_, ft/sec 6h0

No. of blades 2

3.1.1.2 _U Slses

E_gine 8tze _e _ed on :he requirement in hover for an out-of-

_-eff_t rotor thrult/Uoes wei4ht ratio, T/W - 1.0 K, at 6,000 feet,

9_'F. It eho_d be recognized _hat thle requtrelnt rts_t8 in a rather

o_n'slse e:4ine f_ t_e 4eelgu missis bower condition at sea leYel,59*7.

mm_m_r, the desLted h:J.lL_speed In cruise, V = 200 tnots, Justifies this

enstne rise. T_ble 3-2 presents the rsted en_ne sizes for the 77 ptr_etric

points. Included in the _tr_st roquta_msn_ o_" _lw vehicle in _er is _.e

ver_lceJ, drM lapose4 by t,ho f'use3,_le£n_m_e_Scm_t,h _ ro_r dm,mmeh.

As _ _'its_-or4_r cheek on the smsl_tv&t4 of I_r-req_:Lr_ %¢d_, Io_

pmmw meq_L_edi_ 1_ pe_tae_ to d_ f_ eou*, :m8_.

Thus _ mld, d ln_tue _ poe_ u,'L_h_£eu An _ te -'_.

ill .......... i _ i I i i , I ---- -"_ ' _'III ii]il Ill

mmmmmmm I _ memmmmm_ me i I 1me i ms
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•ABL -P PATED n,.,.._'_, ' - . , ........ : ,_,.._'_?-,,R_ v'_N

V_ : g40 F'PS

_/W = i.OK at 6_000 ft, OS°F

"_ "_ ..... 5_PRATED T.O,_Jr)SS ,.rr-_-4_ DrkM__TE_ DISC LOAD[NO SOLIDITY

.. Lb _ __ Ft Lb/Pt 2 H,_ ,,

12,000 _ 5.0_ .08 2,090

.i0 2,ih5

.12 2,205

6s 3.61 .08 1,87o

.i0 1,960

•12 2,050

7'5 2.72 .08 i ,775

•i0 1,900

•12 2,025

lh,_O0 55 5.9 .08 2,565

•IO 2.620

•12 2,670

65 _.22 .08 2,265

•I0 2,3_5

•1_ 2,1'35

7_ 3.17 .08 2,10_

.10 2,22'j

•12 2,3'jO

m n i mini mm m m m
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TABI_ 3-2 P_a_D _Y)RSKPOWER, HIGH-SP_ID SHA_f-DRIVKN R_ILICOPTI_R (C_DUDI_))

:nsc LOAD: '; SHPRATE D
-)

i Lb Ft Lb/_ ' Hp

l'],OOn 55 _.74 .n8 3,0QO

.i0 3,140

.12 J,190

65 4.82 .OB 2,680

.i0 2,760

•12 2,845

75 '_.62 .08 2,465

.I0 2,580

•12 2,700

II I - - i l -- _ ,-=

3.1.1.3 Fuel Required

Fuel required to l_rforn the design mission is presented in

Figures 3-I, 3-2, and 3-3, verams takeoff gross weight for the three rotor

diameters and three solidifies noted in Pa_ph 3.1.1.1. The calculation

of fuel required for the 27 points is aceclplished by the LTVAC Mission

Perforusace Program detailed in Appendix A. The substantially greater fuel

requirement of the 55-foot diameter configuration, particularly at high _rose
J

weights, is att_ibute_ to several factors. Flr_, there is a siKnitleant

rise in power required at high speeds for a he_vilM loaded rotor due to

c_preleibtlAty and .-etre_ting blade |teA1. ThAI condition, oca_led with

the la_m" en_ne size for hov_ with the 55-£c_t _or results in 1_lative_

b:14h fuel so--ion. At the _ iWoU _A_ht., lXam" req_e_ in cruise

is of ne_ m_ttude to alley t_e la_w dLam+_ e_t_pwation t,o ae_teye

........ f IIII _ _'_ = ...... ' -- -"""' "- _ 'i -- -- --

, , m i m/ i! u ! i / I_1
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the _30-___ot crulse 61_ee_st reduLed _er leTel_. Hcwe-¢er, the 5._-foot

dla_etez rotor c_._iguration, even with larger size engines, is speed-

limited at normal rated power slightly below the deslr_ c_ise _d.

3.i.!.4 Fuel Available

l_ne fuel avaiisble for various gross weights, rotor diameter, and

aolidAties is presented in Figures 3-_ 3-5, _d 3-6 for the high-speed

shaft-driven helicopter.

3.1,i.5 Point Delign Selection

Proc_uru. Having _tala_ the fuel requlr,4 for the 27

configurati_uJ aria t'_e fuel &variable, the tntea_ectioa of these data plotted

verstm _ross weight 4etera_el a let of _r_ll wltg_t_ e&pable of perforlt_

_HIIiO_ r_. _ =HIIIOD il _N_'f_ &t the _a_Lx_ cx_se

of 200 knots _ I_ aIPee4,whichever is less. Figure 3-7 is s plot of tbsme

grosl weight _tl_ versus dAamster. It is _ote4 that the 4/ameter

for minimm grou we/ght (D = 67 ft) le constant for the t_ soliAitles sad

Is va_l above the be_ for 2_0 knot _ spse4. Le_ to the optilm

weight,_'4ure3-8In,meatsthe_ g_oes__ verminseli41t_

for a diameter of 67 feet. _bJ.s curve imticates that the ol_[mm _Ld;tty f_r

gross vetght has not been zesehe4. However, to satls/_ klaetle

needed for t_amsltAc_ to _tion, ltntll blade mas_.amA, th_s, so_

lUSt be ltltted, l_'_:t_ze, blade eentrif_sl f_a_e _ c_¢La_ sable

at constant lt_t; a re4_tton in me an_, _, c__al f_ee taereuel

v_teh liatt, sol/4A_r to .0785 aaa _ v,d_ te 1_,870 _.

Pez_awuet. Prus_ted in _able 3-3 I:• m_a_y ef the opt/m/z_

hlgh-s_ee4shaft-d_Avenmgleo_.
)
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_81_ b]'ec/'e:_('e . . _. "_'k/",SO. _, t-_i _.'l(_w:, '-el :_-

PL.L_f ,)E:,IGN :_-il_

Rated norse_:_wer, np .',_.')_ ?, _';0

E_;H_ _t V - ._CxD Kt, hp I,_'7"._ 2,205

Fuel, ib i, IbO 1,836

TABLE _-_ KIGH-SI_F.D 3.qAFT-[_RIWI_ I_d.ICOPI'_
__ !

m _ I

_ro3s wei_ _t , Ib !h,i_70

Wotor diameter, .et _7

Solidity .07S5

No. of bl_des P

Rotor tipspeed, it/see 61#O

_ated horsepower, hp P, 305

Fuel, Ib 1,760

P_tyload, Ib h ,000

OWE, ib O,IIO
_ ii i ___

3.1.2 Je_-Fl_pF_lieopterOptlslzatlen

3.1.2.I Ranp of l_a_netezs

Pro_nted in Table 3-_ i_ the rm_e of par_f_r_ for _he h11;h-

•pee_ Jet-f1_R_dbatleoptar_t._.

The _ of _e_ _ _m_ 8electeato 3rAe,tdavenge

_ot_ Lt_t eoe/_Lelent# eceslstent w£th _esu_s _ the Ares I_L_8_ Series

_J_ Tunn_ Test of the _ ,_ta_. ---

• ' --_!_--'_- ' .....-..... I[

I
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_.I.2._ _ne S?zes

._rc.-.ente/in F_k'ure _-'0 Js the equlvLlent sh_ft hox'lepover at

the rotor exha,_st no-.zle (lee Seetlom 4.0) used in slzi_ the en4_[nes.

The ?ower req ;:r_ment. ss for the shaft-drlve h_Ic_pter, is based _n a

hover thzust/vei_J_t ratio, T/W = 1.0 K, at 6_000 f%, 95"F. As ea_ined in

Section _.O there exists • rel_tLonshlp beJ;wee_ r*qulz_ bl_e duct flow

area and available rotor shaft horsepower. Thus, for sDec_flc rotor did.meters

and number of blades, the mlnlmufn sol_._ty is 14-M_ted 5y the m_nlm_ blade

chord req_,_red to accomstodate the _uct flow. Th_s l_m_1: is show_ in _'ip_ure

3-9. A si_e study proved that, for this rsnp_e of sol_dlty, the minimum _ross

weight vehicle caDable of meetin_ the mLsslon increased as solld_ty increased.

Thus, by usin_ the sol£d_ty defined by the duct area 1/_%t fc_ each

diameter, the lowest permissible optimmm _ross veJ_ht was obtained. Table

_-_ defines thls solidity and the &oco_i_ 3?l&tedoD_kDe hos'li_o_ for

the three _rcss weights and three diameters.

_.1.2._ Fuel Required

Presented in Figure _-_0 is the fuel required to perform the

design mission versus gross weight for diameters Of 5_ ft, 65 ft, Sad 75 ft.

1969016190-044
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Due to the solidity limitation Imposed by duct fl_ requlr_nts, _a _lained

in P_ragr_ph 3.1.2.2, ea_b comblnatlon of diameter and gross weight in Figure

3-10 corresl_ondA to a _eclfic solidity.

3.1,2.t_ Fu_l Available

Fuel available versus rotor di_er -_ gross weight io presented

for the Jet-_p HSH In Figure 3-ii.

3-5 RATED NOESEI_, HIGH-SPEED JET-FLAP HELICO_

VT = 640 ft/sec

T/W= z.o K at 6,000ft 95"

I 1....i I iGW DIA DL Sh'PI_TED T/O
LB FT LB/FT 2 o

18,000 55 7.58 .0892 12,860

65 5._ .070 tO,p00

75 _.08 .0575 9,550

20,000 5_. 8.h2 .39h5 15,950

65 5. Oh .o7h5 12,650

75 _.5h .0615 11,200

22,000 55 9.27 .i02 17,350

65 6.63 .0795 lh,500

75 4.99 .o65 _,7_.'
• i •

m m ml r
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3.1.2.5 Point Design Sel_tion

Of the configuratic.._ shown in T_i; 3-5, thc_e capable of

meeting the m/_aion requireme.nts are shown in Figure 3-L_ v_rsus 4_iameter.

Initially, never_ radll-of-action w__re investi_ted. It is observed t,_at

the d/ameter for s_knLmmuagross weight is approximately 72 feet for each

ra_Lius-of-action. Vehicle gross we4.ght is 22,_ Ib for the design _ission

radius of 150 nm. Constructed from the d_ta of Table 3-5, Figu_ 3-13

defines the design solidity, _ = .O735, at the optimum gross weight.

Presented in Table 3-6 is a s_ of the c_imized high-

epeed Jet-fl_pped helicopter

TANX 3-6 HI_H-SPE_ JET-NAPPED HELICOPT_

Gross weight, Ib 22,980@

Rotor diameter, f_ 72.2

Solidity 0.0735
No. of"bla_'es 2

Rotor tipspeed, ft/sec 640

Rated horsepower, hp lh,OhO

Fuel, lb 8,3_5
Payload, ib I¢,000 ,

OWE, Ib :0,635
..... m!

To _te wLlidit¥ of the results, an _ check was

perfo_d using the data extrapolated fl_n the Dorand First Series Ares Wind

Tunnel Tests. Results e_ fawmmhl_ as sh_n below.

Point Design Ares Test

Rated horsepower, hp 1_ ,0k0 12,820

at V = 200 kt, bp 2,527 2,_50

_el, Ib 8,_ 7,800

' !

I __--.. _ .... _ ....... II I I I II I 31 I
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Deflecticn for Trim. _igure 3-14 defines the ,_mximum

trailing edge fha.)deflection for trim versus velocity for the high_peed

Jet-f]aDDed helic-_Dter. The 8.n_ies were calculated using the [,_5'Rotor

Performance Program No. 2 for a fi_ed-blade pitch at the 70_ radius of

d.v=a °. The effect of e.g. location was investigated by assuming a rsnge J

c._. positions defined by:

Location of e.g. = y/h

where y = distance of c.g. ahead of shaft

h ---height of hub above e.g.

Since the lateral cyclic deflection is negligible, the flap deflections

shown are'the maximum and occur at azimuth positions of 90° _ 270°. The

deflections are the sum of the collective and longitudinal cyclic deflections

as shown in Figure S-15. In order to evaluate the maximum required

deflections versus airspeed, it is necessary to consider both the adwa_cing

and retreating blades shown in Fl_%u'e 3-1_. As the speed increases and the

disparity in relative "q" over the advancing and retreattnR blades increases,

a _reater contribute_on in terms of flap deflection is required of the retreat-

img blade than of the adwan@_u_ blade. Thus, there exists fo_ each @.g.

position a speed at which the 270 ° azimuth-_sition requires the more down-

ward flap deflection. Such a curve is signifi@ant in assessing control

a4ailable, control required, and possible limitat$on oL e.g. range, trim

s_eed, and meaeu_ load factor. Note, for example, _hat the llait trim

speed for a design flap deflection of 50 ° down is 95 knots for Y/H = O. and

170 knots for Y/H • .05. For ¥/H = .1, trim with _0 @ flap is feasible onl_

between 150 and 200 knots.

i

• : "

| " |, ..................... . _,
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3.1.3 Comparison - Sh_ft-DTiven &nd Jet-Fl_p Concepts
r

Pigures 3-16 and 3-17 present a comp&rison of the perform_nc'e

of the high-speed shaft-thriven and Jet-flsp designs, Flexure 3-].6 shows mission

time nd paylo_-carTying capability versus radiu._ of acticn. Mission time

and payload-caxTying capability versus or"disc speed for"the design radius cf

action is given in Figure 3-17. Pertinent physical characteristics of the

two designs _re summarized in Tables 3-5 and 3-6. The greater wpight of the

set-flap vehicle is due to the power required to complete Lhe design mission.

This results in a higher fuel req%drement for the Jet-flap, approxJ_teJ_v

a &.74 to 1 ratio compsu-ed to the shaft-driven vehicle, and thus the greater

gross weight by 8,110 pounds.

Figure 3-17 gives the results of speed variation for the two

vehicles for the design mission. It is noted that, if the cruise speed

requirement is reduced from 200 knots to 160 knots and 150 knots for the

Jet-flap and shaft-driven vehicles respectively, approximately optimum cruise

speeds, the Jet-flap is capable of carrying about 1,000 pounds more payload

than the shaft-driven _ehicle over the design radius of action. However, the

fuel requirement is a_ain greater for the jet-flap design by a ratio of

about 5.5 to i.

3.i.4 Engine Selection

3.I.4.1 Hot/Warm Cycle

A limited parametric study was conducted to assist in determining

the hot-warm cycle engine selection for the sensitivity st,,dy. In this _tud_,

the most ogtimistic (100_ tbam:st recovery and 5_ static duct pressure loss),

intermediate (90_ T.R. and 15_ D.L.), and pessimistic (80_ T.a. and 25_, D.L.)

cases were run through the HSH mission routine with high, intemmediate, and

B-z6
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n

io_ _.ngir._ pressure ratios _engine_,__i_,,and 6_. The s(,!idftyfor each

parametric confi£"ar_tion._s based on _he duct flow requ:rements of each _ngine

for _ rotor diameter of 7-",":ft. _--

Figures 3-!b, 3-19, and 3-20 present fuel ,_ ....a_le _d required

for the three engines of th_ parametric study. To determine the effect of

disc doadlng, a similar study was conducted for the intermediatepropulsion

case (90_ T.R. and 15_ D.L.) at diameters of 55 and 65 feet. Figures 3-21,

and 3-22 present fuel available and required.

3.i.4.2 Cold _e

A _iailar stud¢,was conducted to select the optimum pressure

ratio for the cold cycle high-_peed helicopter. Figure 3-23 shows the f_el

required and available for pressure ratios of 2.0, 3.0, and _o2.

3.I.5 High Sl_eedCompound

The hlgh-._peedhelicopter modified with an at_iliary thrust

was evaluated. Conflgura_;ionswere sized for three casas using a_uxiliary

cruise thrust, i.e. (i) a turbojet exhaust, (2) a t'_botip fan, and

(3) a turboprop. The engine size for each y_ametric point is ",ase_on _'

the Jet-flap hover requirement unly. An auxiliary engine was included to

drive the turboprop design. The following basic high-speed parameters were

flxe_:

Engine .= No. I (PR = 4.05)

Thrust recovery = 90_

Du_ loss = 15_

Equiv. flat plat.-area - 12 F_

Due_ area ratio = .5

Rotor Diameter = 72.2 Ft,

3-29

i i
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Figure 3-24 gives the resulting fuel required and available

CIII'V _B.

3.i.6 High-Speed Tip Jet

The effect on the point design of splitting the gas flow

between the flap and tip-Jet nozzle was investigated for the high-speed

version. Figure 3-25 presents the resulting fuel required-fuel available

leading to the minimum gross weights capable of completing the high-speed

mission.

3.2 HEAVY-LIFT HELICOPTER PARAMETRIC STJDY

The design mission for both the hea,q_-lift shaft-driven and

jet-flapped helicopters is detailed below:

Payload = 40,000 ib

Radius of Action = lO nm

Cruise Speed = 40 knots

Power Requirement = T/W = 1.1K at SL Std

Warmup & Hover = 5 rain

Mid-Mission Ho_er = 2 rain

Reserve = 10% initial fuel

3.2.i Shaft-Driven Helicopter Optimization

3.2.1.i Range of Parameters

A limited parametric study was ee_ployed in deflzi_ the heavy-llft

shaft-driven helicopter. Based on the Sikorsky S-64 Sky-Crane, a six-

bladed rotor with a disc loa, Lng of 10.3 psf and a solidity of 0.106 was

employed as typical of present-day heavy-lift helicopters. Thus, by fixing

the disc loading, a specific diameter is matched to each of the gross

weights used in the study. The range of parametars is shown in Table 3-7. O

3-36
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It will be noted _nat for the gross wei;'_ts corresponding to

the ?0-ton payload vehicle, the 10.3 psf disc loading results in a rotor

diameter of around lOO ft. It will be noted in Paragraph 3.2.2 that the

rotor of the optimum heavy-lift jet-flap vehicle is 145 ft with a lower

disc loading. Because of torque, reduction gear ratio, and tail rotor-

main rotor in__rferen_e conziderations, it is believed that rotor diameters

around 100 ft represent a reasonable _xLmum for shaft-drlven vehicles of

this class.

TABLE 3-7

HEAVY-LIFT SHAFt-DRIVEN HELICOPTER

PARAMETRIC CONFIGURATIONS

DISC LOADING = 10.3 Lb/Ft 2

{ _o.OFBUmES= 6

TIPSPEED = 700 Ft/Sec.

GROSS WEIGHT DL_aMETER
Lbs. Ft.

70,000 93.0

80,O00 99.4

9o,ooo io5.5

A tipepeed of 700 fps was selected in order to yield an average

rotor lift coefficient, _L " 0.5, consimtent with prelent technQlo6y. By

using this approach for the shaft-driven helicopter, i.e., ammlumin8 a

dilc loading add sodality, the resulting point 4ell_, if not _tnmm, can

only be conservative.

(
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3.2.i.2 En6ine Sizes

fhe engine sizes for the heavy-lift shaft-drlven helicopter are

calculated using the LTVAC Ro%or Performs/.ee Program No. 3 described in
I

Appendix A. Listed in Table 3-8 is the rated horsepower for each gross

weight, based on the hover requirement at origin to produce a rotor thrust/

6TOSS weight r_tio - I.i at SL standard conditions .

TABLE3-8

ENGINE SIZE

GROSS WEIGHT DIAMETER SHPRat ed
Lbs Ft

Hp

70,000 93 •0 12,420

8o,000 99.4 13,910

90,0OO 105.5 15,440

3•2. I.3 Fuel Required

The fuel required to perform the design mission is shown in

Fi_lu_e 3-26 versus gross weight. The calculations were acco_lished using

the JTV Mission Performance Program, described in Appendix A. The fuel

&vailable is also presented versus gross weight, with the intersection of

the two curves definin6 the design _oss weigrht, i.e., the minimum gross

weight capable of meeting the mission requirements for the disc loadir_ and

_L specified.

3•2.I.4 Fuel Available

The fuel available is presented in Fi@_re 3-26 as & function of

gZoss weight for the shaft-drlven _H.

C)
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3.2.1.5 Point Design Selection

i

Description. The heavy-lift shaft-driven helicopter is a crane

type having a removable pod. The cargo capacity is 20 tons and the pod,

when used, is considered a part of the cargo weight.

The 104-foot diameter, six-blade rotor is fully articulated and

is driven by two turboshaft engines through the main gearbox transmission

which is also provided with an output shaft to dA'ive the antitorque tail rotor.

Shown below are the physical characteristics of the heavy-

lJet shaft-driven helicopter.

Gross Weight, lbs 87,400

Rotor Diameter, ft 104

Solidity O.106

No. of Blades 6

Rotor Tipspeed, ft/sec. 700

Rated Horsepower 15,040

Fuel, lbs 2,970

O.W.E., Ibs 44,430

3.2.2 Jet-Flap Helicopter Optimization

3.2.2.1 Range of Parameters

As shown in Table 3-9, a range of three gross weights, three

rotor diameters, and three solidities resulting in a 27-point matrix was

e_f,loyed in the sizing study. A reasonable tipspeed of 640 fps w_s used

to maintain co,_tible engine performance data with the high-speed Jet-

flapped helicopter. Due to the rotor blade duct sizes required to accommodate

the mass flow, & three-bla4ed rotor _s selected a_ being the mort practical. /

ml IN l _ , • m l | m .
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TABLE 3"9

HEAVY-LIFT JET-FLAPPED HELICOPTER

RANGE OF PARAMETERS

Gros3 Weight, lbs 80,000; i00,000; 120,000

Rotor Diamet':r, ft i00; 120; 140

Solidity .06, .ii, .16

Rotor Tipspeed, fps 640

No. of Blades 3

The combination of these parameters yielded acceptable values of average

rotor lift coefficient within the scope of the Dorand First Series Wind

Tunnel Test.

3.2.2.2 Engine Sizes

(
The rotor power requirement in terms of equivalent shaft horse-

power at the rotor exhaust nozzle is presented in Figures 3-27, 3-28, and

3-29 versus solidity for the three _i.ueters and three gross weights of

Table 3-9. The power requirement i_ _ased on a hover thrust/Boss weight

ratio T/W - I.IK at SL standard con,litions. As discussed in Paragraph

3.1.2.2, the minimum solidity at each diameter is limited by the chord

necessary to accommodate a duct area c ,reparableto the Dorand test rotor.

This limit is indicated in the th:ee f_._nu_esand defines the respective

solidity in the remainder of the study. Table 3-10 specifies this solidity

and the rated engine horsepower, i

¢
3_3
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3.2.2.3 Fuel Required

Presented in Figure 3-30 is the fuel required to perform the

design mission calculated by the LTVAC Mission Performance Program, as

described in Appendix A.

3.2.2.h Fuel Available

The fuel available is presented in Figure 3-31 as a function of

rotor diameter and gross weight.

TABLE 3-i0

]_AVY-LIFT JET-FIAP HELICOITfER

ENGINE SIZES

VT = 640 Ft/Sec

( T/w: 1.1atS_sta

GW - Lb DIA - Ft DL -Psf 0 ESH2 SHPRAT_D

80,000 i00 10.19 0.0876 ]..I,600 38,337

80,000 120 7.08 0.066 9,500 31,331

8o,0OO 140 5.2 0.0525 8,140 26,869

i00,000 i00 12.74 O.1025 15,930 52,647

i00,OOO 120 8.85 0.077 13,030 43,096

i00,O00 140 6.5 O.0615 Ii,_O 37,O81

120,000 100 15.3 0.117 20,750 68,544

120,000 120 10.62 0.088 16,920 55,919 -'_
L

120,000 140 7.8 0.0693 14,410 47,657

£
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3.2.2.5 Point Design Selection

Procedure. The intersectionsof the fuel required and fuel

available versus gross weight curves of Paragraph 3.2.2._ and 3.2.2.4 ,

respectively,define a set of gross weights for vehicles capable of meeting

the design mission. Figure 3-32 shows these gross weights versus diameter.

It is observed that the diameter for the minimum gross weight of 82,500

pounds is 145 feet. From the data of Table 3-10_,the corresponding solidity

is = 0.0502 and the rated engine horsepower is 27,300 hp.

_escription. The 20-ton capacity jet-flap rotor helicopter is

the same as the 20-ton shaft-drivenhelicopter except for the rotor, propul-

sion, powerplant installation,and tail configuration.

Perfoxmance. Shown below in Table 3-11 is a summary of the

optimized heavy-lift Jet-flap helicopter.

TABLE 3-11

HEAVY-LIFT JET-FIAP HELICOPT_I

Gross Weight, Lb 82,500

Rotor Diameter, Ft 145

Solidity O.0502

No. of Blades 3

Rotor Tipspeed, Ft/Sec. 640

Rated Horsepower, Hp 27,300

Fuel, Lb 4,310

P_vload, Lb 40,000

OWE, Lb 38,190 i

/
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• 4

An independent check of the power and fuel requirements was made

using the first se_ie_ extrapolatedwind tunnel test data with the following

results:
I

Pt Design_ Ames Test

Rated Horsepower, I_ 27,300 28,400

ESHP at V = 40 kt 4,078 4,120

Fuel, Lb 4,310 4,592

3.2.3 Comparison - Sb_ft-Drivenand Jet-Flap Concepts

The data of Figure 3-33 presents a com_ison of the variation

of payload with radius-of-actionfor the shaft-drivenvehicle and the Jet-

flap v_hlcle with 90 percent tZtrustrecovery. As noted, the operating B

weight empty and takeoff gross weight is lowest for the Jet-flap vehicle.

Howev-_r,the shaft-drivenvehicle does have a better load-carrying capability

as radius of action increases than the jet-flap vehicle.

3.2.4 Engine Selection

The effect of engine pressure ratio hot/warm cycles on gross

weight of the heavy-lift helicopter was determined fTom a limited parametric

stud_. As in _he high-speed study, the most optimistic (100% thrust recovery

and _% static duct pressure loss), intermediate (90% T.R. and 15% D.L.),

and pessimistic (80% T.R. and 25% D.L.) cases were employed. The fuel

required and fuel available are shown in Figures 3-3_, 3-35 and 3-36 for

high intermedi&te, and low l_essure ratios of 4.05, 2.42, and 1.91 (Engines

No. 1, 4, and 6).

An eagine selection parametric was also conducted for the cold

cycle. Inlrineprumwe ratios of I_.2and 3.0 were used. Figure 3-37

presents the fuel required and available curves.

3-52
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3.2.5 Heavy-Lift Tip-Jet

The effect on the point design of splitting the gas flow between

the flap and a tip-Jet nozzle w_s investigated for the heavy-lift mission.

Figure 3-38 presents the resultir_ fuel required-fuel available leading tc

he minimum gross weights capable of completing the heavy-lift mission.

3.2.6 Full Jet-Flap CL' Utilization

3.2.6. i Pure Jet-Flap

A study was conducted wherein the full lifting capability of

the jet-flap was utilized. A limited parametric study was conducted to

define a minimum weight shaft-driven heavy-lift helicopter for the

following design mission:

R/A: i0 nm

4O kt
VCR:

Hover: 2 min

T

Po_,erbased on_ = 1.1 at SLS

_L max shaft-driven = 0.5

_L max jet-flap = 1.O

Payload 20 tons (for shaft-driven helicopter)

The shaft-driven helicopter design was based on the Sikorsky

S-64 Sky Crane with a disc loading held at 10.3 psf. In Figure 3-39 the

fuel required and fuel available are presented for a gross weight range of

70,000 to 90,000 pounds. Intersection yielded a design gross weight of

81,500 pounds. For the design disc loading, a rotor diameter of I00 feet

was selected. The lO0-ft diameter was then applied to a Jet-flap vehicle

| . I I I IIIII I ._ I III I II
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%-ith twice' the CL nnd weighing twice as much as the shaft-driven vehicle.

Tqc tipspeed-solidity relntions!_/p of the shaft-driven vehicle consistent

with a _L = 1.O was maintained. The fuel required and fuel available

intersection :-ho._nin Figure 3-40 yielded a payload capability of

76,000 potmdz.

_qqecharacteristics of the two helicopters are shown below:

Shaft-Driven Jet-Fla_

Gross Weight, Lb 81,500 163,000

Rated SHP, Hp lh,lhO 128,000

Diameter, Ft i00 i00

Payload, Lb 40,000 76,000

Fuel, Lb 2,800 19,600

OWE, Lb 38,700 67,_00

CL O.5 1.O

Cost Effectiveness $/Ton-nm 1.2_ 1.h6

Under these conditions, the rated power required is increased by a factor

of approximately nine. This factor is comprised of a 3 to 1 ratio of

compressor horsepower to rotor ESHP (_L = 1.0) and a 3 to 1 ratio of ESHP

(_L = 1.O) to ESHP (_L = .5). It is interesting to note that momentum theory

alone would predict the latter ratio to be 2.8.

in spite of the fact that the jet-flap vehicle carries almost

twice the payload of the shaft-driven helicopter, the cost effectiveness

of the shaft-driven helicopter in terms of dollars per ton-rim, is still

17 percent more favorable than for the Jet-flap. This is attributed to i

the high installed power and fuel consumed by the Jet-flap vehicle.

i

3-&t
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3.2.6.2 E_ual ,_ty Weightz

Another approach to utilizing the superior lifting capability

of the jet-ila_ was to compar_ jet-flap vehicles :-ith shaft-driven vehicles of

e_ual empty weight and rotor diameter. The 20-ton vehicle defined in the

prc_._iousparagraTh was taken as a base (i00 it diameter, 38,700 ib operating

weight empty). In sizing the vehicles at a takeoff desig, load factor of

2.5, it was noted that the jet-flap vehicle could only utilize a CL of

0.565. The shaft-driven vehicle was sized to obtain its _mximum _L of

0.5 at the design load factor of 2.5. In order to utilize more of the

available CL of the jet-flap, a vehicle was sized with an overload design

load factor cf 2.0. Characteristics of these vehicles are stummmrized below.

Shaft-Driven Jet-Flap

( Des__ Overload

WTO. ib 81,500 92,200 115,200

OWE, ib 38,700 38,700 38,700

Fuel, ib 2,800 7,500 9,500

Installed SHT i_,i_0 78,300 78,300

Rotor Dia., ft I00 I00 I00

Payload, ib 40,CO0 46,000 66,400
!

_L O.5 O.565 O.707

Takeoff Load Factor, g 2.5 2.5 2.0

l

3-63
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Reference 5- Since LTV's Rotor Performance Programs are based on Spence's

data, a reduced blowing level of C,, = O.12 is employed ss a minimum for

accurate flap angle prediction.

A representativePheavy-lift helicopter featuring a gross weight

of 81,500 Ibs, a 1OO-ft diameter rotor, three rotor blades, a solidity of

0.i0 and tipspeed of 640 ft/sec was selected for this trade study.

Figure 3-47 presents required rotor blowing coefficient versus the ratio

of mechanically supplied shaft horsepower required by the rotor at an

airspeed cf hO kt. Converting the C, = O.12 into a rotor-blowln4 coefficient,

C. = 0.O013, results in a required power split (MECH SHP/ROTOR ESHP) of
_R

40_. The sum of the mechanical horsep_;er and gas horsepower required at

this condition is 17,260 hp. This represents a reduction in total installed

horzepower of approximatel) 29% based on the lOO_ pneumatic system.

Figures 3-48 and 3-49 show the collective, cyclic, and total flap deflection

angles required for trim, based on Spence's equations, versus percent Ix_er

split. Thus, if the p_ver split is 40%, the maximum flap deflection for the

case examined is approximately 62°. This indicates tha_ a greater percentage

of the required rotor power can be supplied by mechanical means, providing

the flap remains installed at C_.= 0.12.

3.2.7.2 Mechanical Considerations - Power S_ltt

Preliminary examination of the m_chanization of a drive system

in which the installed power is split between a mecbani_l tran_lssion and

a Jet-flap indicates that a _Ltt of apprc_matel_ 33 percent for blowing

and 67 percent for mec_anical tranm_ssion is feasible. S_ch a drive

0system concel_ t$ illustrated in _ 3-_0.

i ...... 3-7&
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The engine of the 2.5 g jet-flap design was sized to accommodate

the overload capability cost effectiveness of the three designs described

above, in performing the i0 nm mission were 1.2_, 1.40, and 1.07 dollars

per ton nm for the shaft-driven,design jet-flap, and overload jet-flap

respectively. Payload radius curves for these vehicles are presented in

FigureB-41. Cost-effectivenessin dollars per ton nz and dollars per

flight hour are presented in Figure 3-42.

3..'.6.3 Sensitivity of Eml_y Weight Ratio

One of the parameters that must be considered uncertain because

of lack of statisticaldata is the operating empty weight to takeoff weight

ratio. A limited study to determine the sensitivity of this ratio on the

jet-flap performance was conducted for a range of opersting empty weight

ratios from 0.3 to 0.5. The best estimates of this ratio, made at the

time of this study are 0.42 for the jet-flap and 0._ for the shaft-driven

vehicle. Results of this study are presented in Figure 3-43. It may be

noted in Figure 3-43 that the overload jet-flap design has a more favorable

cost-effectivenessvalue than the shaft-drivenvehicle over most of the

range considered. Also, the 2.50 design jet-flap cost-effectivenessbecomes

equal to the shaft,driven vehicle at about 0.38 empty weight ratio.
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3.2.7 Jet-Flap Augmentation

3.2.7.1 Analytical Considerations

Since the i00 percent blowing system is relatively low in

efficiency in developing rotor shaft horsepower, an obvious alternative is

to consider driving the rotor by some more efficient means and using the

jet-flap only in an augmentationnode. The classical qualitative relation-

ship between lift coefficientand blowing coefficient is illustrated below.

I Supercirculation
BLC r

cr. ,i/

I...............

Blowing Coefficient

With all of the installed power used for blowing through the

jet-flap nozzle, the system is operating in the super-circulationregime

with a relatively high blowing coefficient. At low blowing coefficients,

in the boundary layer control regime, a better lift coefficient-blowlng

coefficient relationshipis achieved. Where the optimum point is located

is subject to a cc_rprehensivetrade-off which is beyond the scope of the

present study. However, to get an indication of the potential gF_ns of

a more favorable power split, a limited stu_was conducted, in_Ich it

0
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was assummed that the installed power was divided between driving the rotor

mechanically and blowringthrough the jet flap nozzle. Mechanically, this

t}_peof split is feasible as indicated in Paragraph3.2.7.2, but, from a

long-range s_ dpoint, a split in p_;er between the jet-flap and more

adwJLced drive systems such as tip jets or turbine-driven rotors may be

more attractive.

While lift augmentation is the primary consideration in this

type of system, the capability of controllingwith the Jet-flap alone is

also an important consideration. It would be desirable to retain the

feature of blade fixed pitch operation.

In the present study, a variation of CL with percent Jet-flap

augmentation (defined as the percent of the installed power dlrecte4 to

blo_-Ing)was postulated based on the limited data available. Power split

ranging from pure shaft drive (zero jet-flap augmentation) to pure jet

flap (100 percent jet-flap augmentation)was examined and cost-effectiveness

calculated for this range for the heavy-lift mission of the parametric

study, i

variation with augmentation assumed for this studyThe

is shown in Figure 3-4/_. Note that _ varies from 0.5 for the zero

augmentationor pure shaft drive to 1.0 for the pure Jet flap. Data obtained

from Giravions-Dorandpersonnel generally confirmed the validity of this

assumption for _ variation. Utilizing this relationship, along with the

basic shaft-drivenend jet-flap design data developed in connection with

the heavy-lift studies of the previous paragraphs, _yload capmbilities

and cost, as a function of Jet-_Aap augmentation ratio, were developed.

0

r ................ ,.................. ,, ,, ,.
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Cost-effectivenessresults are presented in Figure 3-45 . It may be noted

that most favorable cost-effectlvenessoccurs in the power split ratio

regime of 0.15 to 0.30 and that the jet-flap augmentated vehicle shows a

favorable cost-effectivenessover the pure shaft-driven helicopter over

an appreciableportion of the power split regime.

Late in the stu_, data were received from Giravlons-Dorand

on the subject of effectiveness of blowing at low values of blowing

coefficient,including some late ONERA test data. The data were received

too late in the study time period to be completely incorporated but pre-

liminary examination indicated that reasonable values of lift augmentation

can be obtained with a 30 to 70 percent split of installed power. However,

it is estimated by Dorand personnel that for complete jet-flap control,

( some 60 percent or more of the installed power should be directed to the

jet-flap. If this is so, it would probably require collectlve pitch control

on the blades with cyclic control being achieved by the jet-flap.

Based on these preliminary studies, it is believed that a system

in which only a portion of the installed power is utilized by the Jet-flap

merits further study, particularly for the heavy lift case.

Aero_amics Considerations. A brief trade study of a mechanical-

pneumatic power split was conducted to evaluate potential reduction of total

installed horsepower. In Figure 3-_6, two-dimensional ONERA test data

(Reference 3) for a Jet-flap are compared to theoretical results obtained

from Spence's equations (Smfe_enee4). Below C_ = 0.12, Spence's theory

is optimistic with regard to the O_ tests. Above this value of blowing,

Spence's results correlate well with other experimental data as shown in

S-'rA
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The mechanical transmission is of the conventional type as

designed for the 20-ton payload helicopter. One difference is that the

rotor mast is supported at the top of the transmission to allow for a

larger diameter mast to accept the gas ducts.

The gas ducts from the compressor join with rotating ducts

inside the mast sealed by rotating air seals. The rotating gas ducts exit

t_hrouj, n,,i,-_at the hub and continue through the blade to the jet-flaps.

In the center of the mast and gas ducts is a stationary standpipe which

houses the jet-flap control rods. These control rods come from the

pilot's controls through the fuselage, to the standpipe by bellcranks and

links. At the top of the mmst (rotor hub) a swashplate and linkage assembly

provide collective and cyclic control motion to the Jet blown flaps in

(i the blade.

The external swashplate (A) of Figure 3-50, provides for

feathering of the blade for pitch control in hover_ forward flight and

autorotation landing.

The gas duct from the compressor is mounted in the fuselage.

The rotating gas duct is attached to the hub and has rgtating seals at

the fuselage junction. At the hub a circular duct to each blade is required

and at the flapping axis a swivel joint is employed. Outboard of the swivel

Joint the duct becomes an oval shape to fit the three ducts in the blade.

The three ducts run the entire length of the blade and have expansion

joints as required.

l

C
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3.2.7.3 Blade Sizing - Power S21it

Figure 3-51 shows the blade sections sized for a shaft-driven

rotor with jet-flap blowing for rotor control. The 6.5-inch diameter blade

duct provides for 33 percent of the power to be diverted to the jet-flaps
I

located at the outer 30-percent blade span.

The structural arrangement uf the blade provides for mass

balance in the leading edge. Blade skin pan:ls of sandwich construction

provide adequate stiffness to maintain the airfoil contour in the high

speed section of the blade. Vertical web members provide support for the

skin panels and support the insulated duct sections which are centered

on the 25 percent chord. A series of brackets located between the aft

vertical web and the close-out web for the honeycomb trailing edge member

support the control rod to the jet-flap. A full depth honeycomb section

with 0.020 skins makes up the trailing edge member which cmmpletes the

blade section structure.

The structural material considered for this configuration is

7075 clad aluminum alloy. Other materials are brass for the leading edge

mass balance and stainless steel ducts covered with thermal insulation.

This blade configuration provides a ratio of duct area to blade section

area of O.14. Estimated structural weight of the section is 1.235 lb/in.,

balanced about the 25_ chord line.

O
3-80
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3.2.8 Solidity and Disc Loading Sensitivity on ESHP

f

The sensitivity of power required in hover with solidity and

disc loading was investigated for a representative hea_j-lift helicopter

prior to the parametric study. A configuration featuring a gross weight

of lO0,OO0 lb, four rotor blades, and a tipspeed _I 700 ft/sec was selected

for this study. Takeoff rated power requirements were determined for a

shaft-driven and a jet-flapped rotor system based on hover at a T/W - 1.O,

SL, STD. Figure 3-52 presents rat_ _ power versus solidity fcr a rotor

dim_eter of lOO ft corresponding to a disc loading of lO. A slight increase

in the power requirements is shown for large ca_iges in solidity due to

the corresponding profile power increase. For the case examined, the

jet-flap propulsion system, due to its inherent greater system losses

(explained in Paragraph 8), requires approximately 3.5 times the rate_

horsepower of a similar shaft-drlven rotor. For a solldi_y of O.lO,

Figure 3-53 shows the increase in p_er with disc lcadir_ resulting from

the induced power requirements. The relatlv_:ly large inequality in rated

power required for the jet-flapped system as compared tca shaft-driven

rotor reflects the propulsion system losses due to compzessor efficiency,

duct pressure drop and residual energy discharged throug_ the Jet-flap

nozzle.

|
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196go161go-111



1969016190-112





2

4.0 PROI_ULSION

Volume I of this report contains details of the following propul-

sion areas :

• Propulsion Requirements

• Concepts and Data Sources

• Propulsion Parameters and Cycle Comparisons

. Propulsion System Performance Methodology

. Propulsion System Pressure Drop A_d.ysis

. Thrust Recovery Investigation

. Energy Balance

This volume contains the following supplementary material:

. Jet-Flap Propulsion Systez Analysis Theory

(
• Effect of System Pressure Loss on Pressure Ratio Selection

• Cum_uter Routine Description

4.i JET-FLAP PROR/LS IGN SYSTB4

.I.I Jet-Flap Propulsion System Ana/_81s

Figure M-I is a schematic representation of a Jet-flap rotor !

propulsion system with pertinent station notation. In the cold cycle _ystem i

as shown, a turboshaft engine drives a compressor whose output is ducked

through the rotor hub and blades to tilenozzles.

!

t

%

1969016190-114



Figure 4-1

Jet Flap Propuls _-_ System Notation

Figure _-2 shows a section through the rotor blade at the Jet-flap.

Angle-_is the blade angle of attack, and _ Js tiledeflection of the flap

relative to the blade chord line. During normal operation,e_ and 6 both vary

during a rotor cycle. Itowever, since cyclic rotor pitch is not used, e<is

considered constant and taken as the effective angle of attack between the

rotor blade and the plane of rotation. Flap deflection, _ , varies during for-

ward flight in sweeping the circle. In addition, _is a function of disc

loading.



I

t

"- . .

Figure _-2 -_

Jet Flap Nozzle

h.l.2 ROTOR BLADE IIJTERiiALFLOW

( Figure _-3 shows the rotor blade internal flow notation:

CO
I

__.._.._ __ ,

X l'i_u'e k-3t

Internal Flow Notation

, k-$|

!
t
I

.... '" II
r
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_J = rotational velocity

= blade azimuth angle

r = radial location

Ri = radius at inboard eLge of jet slot r

Rt = blade radius

d_ = acceleration component tangent to rotor disc

= acceleration component along _'adiusof rotor di_-

X4. = flow velocity inside blade

_x = component of flow velocity in x Cirection

Aiy = component of flow velocity in y direction

rx = ¢oo_,_ra{e of radial location in x direction

ry = _'oo_,-.a_ of radial location in y direction

A = blade flow area

The following assumptions are made:

One dimensional isentropic flow

_' = constant

P = constant

A = constant from r = o to = Hi

_4. = constant = dr/dt

m

IL ,_ : _- c o_ W 7 .a. × =. .a. 5 ,-_

I III I_ ' -_
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v
dr d /

_V= _;_q- _ _
'_x= -r_osin_+ u cos

uy = r_cos%u+ u sin _ I_._ 4/

ax = dUx X

at 0

= -a)sin_ dr- r sin_ d_ - r&o cos_ d

dt /t dt

+ cos _ t_ - u sinw* dtd--_-_

,%

= -u_u sin_ - r_ _ cos_ - u_sin[p

= -2_u sin%u - r_ 2 cos_

[/.,j ----amy

dt o
11

dt /t dto

+ sin ,i;_t + u cos_ dtd--_-_

=_u cos_ - r_ 2 sin_ +_u cos w

= 2_u cos_ - r_ 2 sinT

Defining unit vectors n--x,_,, nn and nt as shown above, the acceleration

vector becomes

or

i _= (-2_usin_- r_2 cos_ )n-x
�(2_ueos_ - r_ 2 ,in_ )ny

t
0
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From r = Ri to r = Rt, m is assumed to decrease linearly due to discllarge

through the Jet flap nozzle:

F = force; Q = torque. _F

C-,_: t_ _, adFt at%

)
dQ = rdFt o

" 'i< 7= 2p_(_J n.J__ + _I___ ___. _ _ _
• R= - Rr

rr -7; { I"7
" _"1 :" ' r_..,__

q is t,he Coriolis torque required to i.ncrease the angular veloci'l;y of the

flow through the blade passage, i.e., to increase angular momentum.

Q_is the associated Coriolis power:

F,,,_-_,_,fl
_C°r"_'°=_=_b _,J

This equation can be simplified by substituting an .-quivalent concentrated

Jet at the effective center of the Jet flap slot, Rt. In this case:

c_

@ I
-¢ --L

I..I.P¢=,,,,,,,.,= = _,.,_1 = .,,vl,¢_ _ R, = l"l._V.r
(

_-, __ ...... I1,_ .......... Ill J ,,I ..... _T llul _L...... Jl"' ............ , .........................• - ......... _ ,_,:,_,_;,__ -- . .............
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WhereV t is the rotor velocity at the effective center of the jet-flap slot.

The physical center of the slot can be used as the effective center with

negligible error, in which case, for a slot extending over the outer 30

percent of the blade radius, the effecti _ center would be at approximately

85 percent radius.

•i.4 ROTOR BLADE C0;iPRESSI0I,T DEVELOPMENT

The radial acceleration vector, an, passes through the center of

rotation and thus requires no additional power input. A development of the

gas compression due to centrifugal forces is presented since it contributes to

the total enthalpy of the flow at the thrusting nozzle.

dFn = an_ u = r_Adr

_.1.5 POWER RELATIOIISIIIPS

%_e net useful power delivered to the rotor is termed Equivalent

Shaft llorsepower (ESIIP)because it is nominally equivalent to the shaft power

required to drive the same rotor mechanically. This power is equal to the

gross propulsive thrust horsepower of the Jet-flap nozzles, less the Coriolis

power:

ESIIP= Gross Propulsive _{P - lIP Coriolis

: ,jvj tK2-; jv-t2

Where VJ5 is the ideal nozzle velocity:

_5 _2gCpTt5 [i- (P_mb/Pt5)r'l/r]

and K2 is a thrust recovery factor which includes the effect of nozzi_ thrust

i coefficient, nozzle thrust vectoring, and deviation of nozzle exit pressure

from amblent.

]9690]6]90-]20
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4.2 EFFECT OF SYST_ PRESSURELO6SES ON PRESSURERATIO SELECTION

It is apparent that when system losses are considered, efficiency

does not continually increase with decreasing pressure ratio as in the ideal

case, but rather reaches an optimum value due to the effect of transmission

losses. The reason for transmission los,es becoming dominant at low pressures

is shown by Figure _-_. Two simplified air cycle systems are shown, one of

relatively low pressure ratio (2.0) and the other fairly high (5.0). In each

case system losses are such that 25 percent of the pressure to which the gas

is c_npressed is lost in the ductin8. The power put into the systems is shown

by "_1 H in", and the gas horsepower remaining at point 3 is shown by "_ H

out". It can be seen that system "efficiency", in term ofA H out/A H in,

is higher for the higher pressure system. The transmission of gas power is

analogous to the tran_tssion of electrical power, the efficiency of which

increase_ with electrical pressure (voltase).

4.3 eoemn R

Propulsion system performance calculations are made by N_ of a

computer routine developed by VAD. The principal inputs to the routine are

en/;ine fuel flow, gas conditio=s enterin8 the aircraft ducti_ system, and

ducting system char_teristics. These inputs are made for each c_binati_
i

of ambient ccaditt_s, airspeed, and power setting. An _ine size factor,

such u rated thrust or horsepower is inserted for stalin.

The primary _ conditions are flow rate, tmper_ture, pressure,

and specific heat. There m obtained frm c_pressor perforaanee calculA-

tions in the cue of the cold cycle, and fr_ ensine amaufaeturen' data for

the _m and hot e_.les.

1_..9
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Ductiug systesn characteristics include pressure dr_, thrust

recovery, rotor tipspeed, duct _kLch number, and control and league flow.

These inputs, plus the necessary constants, are used to c_ulate

ESHP available and duct area requi_ed. If desired, these outputs can be ex-

pressed as a function of rated engine size (such as ESHP/Rated Thrust) so as

to cover a range of engine sizes. Other outputs which can be obtained are gas

horsepower, nozzle velocity, and nozzle area.

I III II IIII L °.
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5,0 STRUCTURES AND DESIGN

5.i ,i_BAND MAST

The hub and the mast for the HLH 20-ton payload Jet-flap heli-

copter is presented in Figure 5-1. The HSH concept is similar except that

the rotor is 2-bladed instead of 3-bladed. The rotor mast is supported in

fuselage mounts to react vertical lift loads and moments induced by the rotor.

The mast is supported at the bott_ to the fuselage by an elastic mount. The

mast is non-rotating.

The - _tor hub is a one-piece forging suyplying the housing for

the bearing between it and the mast. The hub provides for the blade attach-

ment and pivot (flapping axis) and centrifugal force restraint and leaA-lag

( restraint. The blade attachment is a clevis-iMps structure attached to the

blade root structural members. The flapping action is provided at the _5-

inch blade rtation by means of two bolts and two bearings around which the

blade attachment fittings rotate.

The gas duct frc_ the compressor is mounted in the fuselage. The

rotating gas duct is attached to the hub and has rotating seals at the fuse-

lags Junction. At the hub a circular duct to each blade is required, and

at the flapping axis a swivel Joint is used. Outboard of the swivel _oint

the duct bec_es an oval shape to fit the _cts in the blade. The ducts

run the entire length of the blade and have expansion _oint8 as required.

_.2 NA_ _S_

(_ A stud_ of the _.tructursA arre_e_ents for the _et-flap blade wu

conducted to assist _n det_ realistic sta_ctural weights. The stu_

,, iii ...............
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also investigatedand disclosed some of the more obvious structural design

problems for the unique jet-_lap rotor system. The parameters studied

includP_: duct areas, gas pressures and temperatures, helicopter design gross

weight, rotor diameter, and rotor rpm.

The structural design philosophy of making the blade shell the

primary structure _s selected for the initial design approach for the cold

cycle. Blade bending, torsion, and axial loads are carried by the s_in

panels. Separate internal circular thin wall ducts insulated from the blade

skin panels provide for an efficient use of this external structure without

degradation of strength due to the temperature of the propulsion gases. The

gas ducts are made nons_ructural by designing them into short sections and

connecting these sections together by flexible Joints. In this manner th_

thermal expansion of the duct sections is compensated, _md the thickness of

( the circular duct walls can be minimized to carry on_ the hoop tension

stresses due to the propulsion gases. The structural concept is discussed in

some of the work done by Oiravions Dorand on large-diameter rotors, but

differs frca the DH 2011 test blade, which utilizes its single duct as the

main umber to carry bending and axial loads.

The N_ 002_ airfoil was used as the basic blade section.

Blade chords were selected to obtain sufficient thickness of the blade

envelopes t_ house the _ air ducts. The basic blade section's skin

panels, vertical webs, and leading edge member were sized and balanced about

the quarter chord line. Representative spanwise distributions of stiffness

and blade weight based on several croes-sectior_lcuts of the blade were

used for calculating static blade loads. Blade sMin stress levels were
d-

i 5-3
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then calculated for the flal_vif_ebending moment and centrifugal force Ioad-

ings and compared to the allowable limit _tress of the material selected

for the design.
I

5.2.1 Basic Blade Description

The structural arrangement of the basic blade cross section for

the cold cy,-leis show_ in Figure 5-2. The two configurations of different

chord lengths and olidities _ere sized to accommodate the propulsion system

ducting for the Jet-flap rotor. An idealized structure of aluminum alloy was

used for this study. This tended to simplif_ details of design and provide

an insight to come of the more obvious st,-ucturalproblems associated with

large size rotor blades selected for the F_ and h_ Jet-flap rotor systems.

The diameters of the ducts were selected to provide a L/DH ratio

of approximately 50 to maintain an acceptable pressure drop in the propulsion

system. Where L is the duct length, whlch is approximate]_y0.8_ rotor

radius, and DH is the h_draulic diameter on the inside diameter of a circular

duct. The ratio of duct area to blade cross-sectional area for these tlade

configurations is 0.38.

Provision has been made inside the trailing edge of the blade

for a 1.5-in. control rod to represent a control system for actuation of

the mechanical Jet flap.

The leading edge member provides the necessary mast balance for

the blade section. This structure,wrapp_ externally vlth O.O10 stainless

steel, provides resistance to an_ impact losdl or erosion thLt my occur

along the leading edge ol the blade.

The _lade shell design consists of an upp_ and lover bonded

sandwich panel of 0.5-in. hone_b (5052AL_) with O.C20-in. thick skins
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of 7075-T6 clad. The skin panels were sized to support an average aerodynamic

airload of 4 psi with a minimum deflection of the airfoil surface between

the vertical web members. These web members run spanwise between the ducts

and support the upper and lower skin panels.

The vertical web members were considered to be m_de up of two

sheets of 0.010 in 7075-T6 clad beaded and bonded together to provide

maximum resistance to compression loads on the airfoils shape resulting from

blade flapwiqe bending _nd airloads normal to the surface. Besides supporting

the airfoil surface, the vertical web members support the duct sections and

transfer the centrifugal force loading of the duct sections to the skin

panels, which form a multibox structure.

Duct walls were sized for O.02-in. thick alumin_n as minimum wall

gage. The ducts are considered to be nonetructwral except for carrying the

warm air from the co_ressors at 361°F at _6,4 psig. To allow for expansion

and flexibility, a Joint of silicone tubing is placed at 20-1rich inteawals

along the duct span. An 0.5-inch thick insulation is wrapped around the

ducts to prevent heat losses and minimize heat transfer to the basic

structures of the blade.

Figure 5-3 shows the spanwise plonform of the ro_E blade.

Details of the rotor hub and blade retention system were not included in

this study, but it is envisi_ed that this structure would be a high

strength alloy of steel or titanitm to provide the necessary structure to

carry the blade loadm.

|
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The transfer of blade loads into blade root retention system is

accomplished by external doublers and retention plates bonded onto the blade

skins. The thickness and the fingerlike shape of these doublers and plates ar_

used to provide adequate bond area and provide a gradual change in structural

stiffness. Internal buildup of vertical web members and nose block toward the

blade root provides additional means of transferring blade loads into the

blade retention member.

The outboard portion of the blade is tapered from the 70 percent

station to the tip with a taper ratio of 1.50:1. With the _ridening-out of the

ducts to form the trailing edge r_o.,zle, the blade a_rfoil can become thinner

(less than NACA 002_ airfoil), ;._ reducing aerod_c drag at the blade

tip. Tra_ling edge st_-ucture in this portion of the blade will necessLri_

become heavier to support the Jet flap and control system.

A stud_ of b_sic blade section &rr_nts for the hot cycle

rotor _e_s undertaken to determine the m_wm duct are_ ratios achievLble

and investigate the sensiti_-lty of this ratio to cban_e_s of gas pressures

and temperature. A number of arrangements of blade shells and ducts were

studied. Duct shapes and deflections due to _s pressures were investigated.

Duct _ll8 were sized for _s pressure loads at elmted temperatures using

selected mterials. Of the blade configttrations studies, four were selected

for comparison and discussion. These four coufiKurati_8 are described in

Figure 5-4 through 5-7. These c_tions represent three structur_

concepts which _ be discuned below.

The first concept is characteristic of that used for the _ld

C_Ck _ tS represented _ e_fptiOllS NO, 1 _ 3. b kiie b_

structure is i_ol_ted f_cm the therm_l envircm_ent of the hot _8 duct by

insulaticel. C_pressicm-t_e belXov8 _oin toKether 30-inch dne_ |eetions _o 0
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compensate for thermal expansion and ellm.lnatestresses in the duct walls

due to centrifugal force and blade bending. Duct shapes were designed to

carry the gas pressures in hoop tension thereby minimizing duct wall thick-

ness and deflections. These duct designs result in a ratio of duct _rea to

total blade cross sectional area which is relatively insensitive to gas

temperature and pressure. The maximum duct area ratio for configuration 1

was 50 percent. Duct area ratio for configuration 3 was 55 percent.

The second structural concept i_ representedby configuration

No. 2 which utilizes an elliptical-shapedduct of heat-resistance steel.

The duct is continuous from the blade retention to the tip. The duct shape

is wrapped with insulation and is supported by an envelope of bonded aluminum

honeycomb. The duct wall is sized to carry centrifugal force loads, blade

( bending and gas pressure loads. In addition to supporting the duct shape

the aluminum envelope carries its portion of centrigual force and blade

bending loads. Differential expansion of duct-to-blade shell is compensated

for by permitting the duct to slide inside of its insulation. The shape of

the duct and its area are dependent on the interaction of the supporting

structure of aluminum shell and the duct wall. This makes the duct area

ratio sensitive to ga_ pressure ratios and temperatures.

The third structural concept is represented by configuration

No. _ which is called the hot blade. Configuration No. _ uses the blade

shell for the hot KSs duet and the basic structure. Two half 8hells of

velded stress 8kin form the blade airfoil. Stress skin is an all-welded

hoM_ _eh structure manufactured entirel_ by the resistance welding
I

of its eemponento. Iuconel 718, heat resistant steel, _ selected for this

_ design conftgurstion. The structural thickness of the blade shell depends

5-9
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on the ga_ pressures and re,statures. Therefore, the duct area ratio is

sensitive to variations of the pressure and temperature of the propulsion

gas.
t

Blade configurations No. 2 and 3 give duct area ratios o. _5

percent. For the 48-inch blade sections studied this represents a duct area of.

208 square inches c_red to the total 378 square inches of the blade cross

section. Based on this structural design study of blade configuration_ it

appears that blade configuration No. 3 will give the maxisum duct area ratio

with the least technical risk of the blade designs studies. However, fr_n

the standpoint of wetted area and hydraulic diameter, configuration No. 2

is superior. In a specific design all the factors must be weighed before

selecting a particular configuration.

O
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5•2.2 Rotor Blade i_wads

A design condition for sy_netrical flight is a vertical takeoff

requirement of Paragraph 3.2.2.h of Reference 6. This condition, generally

referred to as a Juxp-takeoff, requires the helicopter to be capable of

withstanding loads developed by displacing the main rotor jet flap from

minimum to maximum lift angle in not more than 0.4 second with the helicopter

on the ground. The resultant load factor on the helicopter's cg shall be

the maximum limit design load factor. The load factors usad were 3.5 for the

HSH configurationand 2.5 for the HLH configurationat normal rotor speeds.

The steady rotor loads for this design requirement were selected to investi-

gate the blade stresses for the jet-_lap rotor, since it results in maximum

blade bending loads on the rotor with centrifugal force loads.

A triangular thrust c_istributionalong the blade span was

assumed. This distribution approximates the distribution obtained using

the Vortex theory, Reference 7 . Rotor blade bending loads for the normal

and maximum load factor cond_t_cT,_sare plotted in Figures 5-8 and 5-9

for the ESH and HLH rotors, re_:_ective1_. Centrifugal force distributions

for normal rotor rpm are plotted in Figures 5-10 and 5-11.

Spanwise distributio ts of weight and stiffness were calculated

on the basis of several cross se _tions of the blade assembly. These dis-

tributions are plotted for the ESH and HLH in Figures 5-12 and 5-13.

5.2.3 Blade Stresses

The point of maxt=,_ stress on the be4tc blade 8eetion _ne to

beamrlse beading occurs on ski:_pane_s at point of ms.mum blade thickness.

5-1.9
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FIGURE 5-13
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This is at the 30 percent chord station for the NACA 0024 airfoil. Using this

point on the blade for calculating maximum bending stresses, assuming that

tension stresses resulting from centrifugal force are equally distributed

over blade cross-sectionalarea, streues fox"several spanwise stations

were calculated. Spanwise distributions for bending stresses and tension

stresses for both the HSH and HLH blades are plotted in Figures 5-14 and

5-15. In addition, these figures show the combined stresses (ftotal = fC.F.

+ fb) for the upper and lower skin panels.

A comparison of these skin panel stresses to the limit allowable

stress of the skin material, 7075 clad, indicate large static strength

margins of safety except for the 40 percent station on the HBH blade. Skin

gages in the blade portions showing large static margins can be Justified

as follows:

a. The skins on the outer portion of the blades (.SR-I.OR)were

sized for local choru'wiseairloads. This portion is the high speed section

of the blade.

b. The skin gages on the inboeA_1section of the HLH are needed

to provide blade stiffness (EX). One design requirement for blade stiffness

is static _roop. Table 5-1 shows the tabulated results of the computed

bending _oment and deflection for blade droop at zero rotor r_ due to

blade weight. The blaAe tip deflection (Station 72.2) is T_._ inches,whlch

results in blade root bending _ents of 600,000 Auches.

A
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FIGURE5-14
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FIGURE 5-15
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TABLE 5-1 HI/{BLADE STATIC DROOP

STATIC DROOP BENDING AND TIP DEFLI'.CTION

NACA 0021 AIRFOIL 72.2FT ROTOR RADIUS 45.751NCllES CHORD

STA. NO. BENDHO DEFL.

0.0 0.766_3E 06 0.0
3.6 0.68166E 0b 0.0
7.2 0.60599E 06 0._5500E 00

10.8 0.53839E 06 0.13626E 01
1_._ O.k7590E 06 0.28814E 01
18.0 O.k1726E 06 0.50216E 01
2..7 0.362kTE 0b 0.77069E 01
25.3 U.31152E 06 0.1U_66E 02

28.9 0.264_2E 06 0.1_k.,i2E 02
,_2.5 0.22117E 06 0.18344E 02
36.1 0.18176E 06 0.22545E 02
,39.7 0.1k620E 06 0.269_5E 02
43.3 0.11_k9E 06 0.31616E 02 ..
k6.9 0.86628E 05 0.3640kE 02
50.5 0.62751E 05 0.k1327E 02
.5_._. O.k2910E 05 0._6369E 02
57.8 0.27009E 05 0.51501E 02
61.k 0.1k955E 05 0.56694E 02
65.0 0.65610E Ok 0.6192kE 02
68.6 0.1638kE 0k 0.67172E 02
72.2 0.0 0.72k26E 02



5.3 FUTURE JET-FIAP ROTOR DESIGN DEVELOI_Tf

The results of the blade structural design study provide pre-
t

liminary d_ta on blade sizing and weights which were justified on the basis

of calculated loads and stress levels for the jet-flap rotor point designs

selected for the HLH and HSH flight vehicles. While the blade structural

design was based on a single approach to meet the requirements for the jet-

flap rotor, it serves as a design point from which structural design trade-

offs can be generated. Several of these are recommended for any new Jet-

flap rotor design development activity. They are listed below.

a. Inv£stigate blade structural arrangements to achieve a

more optimum design of blade structure and ducts. Duct arrangements should

result in a higher ratio of duct area to blade cross-sectional area which is

desirable for the Jet-flap blade. The blade structure should be optimized

to provide maximum strength and stiffness for minimum weight with considera-

tions for mass balance to include the weight of the ducts and mechanical •c

control system. Structural arrangement should consider methods of fabrication

to assure that the composite design is feasible.

b. Investigate structural dynamics requirements for blade

stiffness and mass balance with the Jet-flap forces acting on the outer

blade section.

c. Investigate structural dynamic requirements for the

mechanical control system to be installed in the blade. Structural con-

siderations should include deflections and loads resulting from the aero°

dymmic, elastic, and cent_Ifu_ forces acting on the Jet-flap ly|tem
l

installed on the blade traili_ edge structure.

,0
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5._ DR'._/ESYSTE_

Drive system concepts were studied for the purpose of sizing the

J components in order to determin_ their weights, configuration,and ccn-

patibility with the aircraft.

_:ive system configurationswere determined using conventional

state.of-try-arttechnology. Estiu_tion of gear sizes were calculated using

"Dud/ey's Practical Gear Design Manual" and "Strength of Bevel and HSrpoid

Gears," OAeason Works, Rochester, New York, 1963. A tentative gear size was

obtained using the "Q" factor method.
lh-__ •

Horsepower (_, '_I)3
Q = x

pinion RPM mG

where znG = speed ratio

( Then d2 F = 126,000 Q
(mG + z)_ K

where d = diameter of gear

F = face width

K = surface durability of gear teeth = 1,000 for aircraft gears !

having a pitch liue velocity between 3,000 and I0,0OO fpm.

Using Gleason's method, the bending and compressive stresses may I

be estimated using:

Bevel Gears

Bendin6 stress St = x x s_._m• J
V

where

wt . '_ns_ttea _ngenti,A _a _ _

K° = overload factor

P-BZ

.A

! !
i | m
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TOOTH Pd = diametrical pitch
SIZE

F - face width

K = size factor
STRESS s

DISTRIBUTION K = load distribution factor
m

J = geometry factor

Compressive Stresses

_WtCo l c c c_sc--cp _ x r-q-x sire

MATerIAL C = elastic coefficient
P

Wt = transmitted tangential load
LOAD

C = overload factor
O

C = dynamic factor
V

GEAR d = pinion pitch diameter
SIZE

F = face width

C = size factor
s

C = load distribution factor
m

STRESS

DISTRIBUTION Cf = surface condition factor

I = geo_try factor

SH/R GEARS

Compressive stresses

' wt _ Œ,sc"'71'_,q--(- , )

The allowablea used here f_ gee_i_ steel were:

st - 3o,ooopsi.

Sc = 200,000 pal.

0
.5-_

' !I
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The estimations made here were to highlight any problem areas

rather than to define an optimum configuration.

An efficient design from a subsystem weight and stress standpoint

is to reduce any given ratio by load-sharlng meshes, rather than by trans-

mittlng the full load through one mesh. By the use of dual input shaft

drives, the load is halved and the size and peripheral speed of the gears

is reduced.

Considerableprogress in upratlng conventional gearing systems

could be available in the 1975 era,which will allow higher stress levels in

gear teeth, improvements in tooth finish, high speed-high load and lighter

bearings,and more efficient lubrication systems.

Progress is likely in the use of helical gears in the planetary

systems. Allison Division of General Motors has developed a high speed(
reduction gearcase for their current T-56 engine using helical gears in

both the primary and secondary stages of reduction, resulting in larger load-

carrying capability and improved reliability. The use of titanium for

shafts and planetary gear carriers will reduce the weight of the drive

systems in the near future.

As shown in Figure 5-16 and Figure 5-17, for the 20- and 50-ton

payload helicopters, respe_ti;-e_v, the gears in the second and third stage

planetary are quite large. The industrial equipment to cut these gears is

not currently in the inventory, but modified gea_ cutters could be ms_e

avm_lable in the time pe_od required for f_ture helicopters.

A review of the &vai_ble proposaZs ,(R_a_nees 9 and .1,0) did

not show a_ new drive systems such as the bsa_nic drive, roller gear drive,

-33

m

1969016190-156



2

....".... ::- "_"- ""-_;. :'':----_,_:;::_:-;.;_-_'_Z_,-_._"'_

1969016190-157



m ii i _m --

_"REP_RO_.0_DUCIBIL!T_yOF_THE ORIGINAL PAGE IS POOR."
2

i

f _ 5-17 _liai 8obms_o-_-_'on _ ]:rive

!

1969016190-158



and roller friction driv?, as having an advantage over the conventional

planetary system in the time period discussed here. The harmonic drive and

friction roller drive may hold promise in the future but must wait £or

development and testing of bearings and flexure materials. The roller gear

concept does show an efficiency and weight advantage but must have further

design and development before it becomes practical for high load and speed

application.

5._.i HSH 2-Ton Payload Shaft-Drive

The rotor for this helicopter is designed to be 67 feet in

diameter and a 6_O-ft/sec tipspeed which provides 190 rotor rpm.

The installed hp requir I is 2,400 with an output speed of

19,000rpm.

The configuration presented in Figure 5-18 proposes two engines

of 1,200 hp each. This requires a total red, orion ratio of i00:i which is

obtained through four gear meshes cmlsistln_ of two spiral bevel meshes

which turn the engine output shaft 90° and provide 2.5:1 reducticn ratio.

The next mesh is a straight spur gear and bull gear with a ratio of 3.5:1

reduction. The bull (center) gear receives power from both engines; therefore,

its outpu_ is the sum of the two or 2,1100 hp. Two stages of planetary gears

complete the speed reduction for & rotor rl_ of 190.

The lift of the rotor is reacted through the thrust beariag at

the top of the gearc_e. MLst bending moments induced by the rotc_ are

reacted through the upper _ be_iag and the lower s_t beLriag houxd

by the gmzcase. The gesreaseis shoc_-aouatedto the fuselageat four

points.

0
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This gearcase arrangement would be suitable for either forward

or aft drive engines and has the advantage of combining the power of the

engines after the firs_ two stages of reduction which keeps the high speed

meshes smaller in diameter and lighter in weight.

The accessory drives and tall rotor drive is driven by the

bull (center) gear. The arrangement of these drives is not defined in detail

ms they will have little effect on the size or weight of the syotem.

5._.2 20-Ton P_load Shaft Drive

The rotor for this size helicopter is designed to be 104 feet in

diameter and having a 700 ft/sec tipspee_ which gives a _8.5 rotor rpm. The

drive system is illustrated in Figure 5-16.

The power plants required are two 7,520 hp turbine engines at

8,200 rpm output with a torque of 58,000 in.-lb at full rim. The ov_Ll

speed reduction ratio is 60:1 which is obtained through four gear meshes

consisting of a spiral bevel mesh which turns the engine output shaft 90°

_nd provides s 2.5:1 reduction ratio. The next mesh is a straight spur gear

mesh of 3.O:1 reduction ratio. The bull (center) gear of this mesh is

receiving power f_m both engines; therefore, its output is the sum of both

engines or 15,0_0 hp. Two stages of planeteA7 gears complete the speed

reduction for a rotc_ rlm of 128.5.

This geLre_ arrangement would be suitable for eithe_ f_

or aft ab_t engines and has the adv_ta_e of e_bizd_ the power of the

engines I_ter the f_t two stl_e| of _icm,_hich keeps the h_h speed

meshes X_hter.

0
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The accessory drives and tail rotor drive is driven by the bull

(center) gear. The arrangement of these drives was not defined as they

have little effect on the si_e or weight of the system.

The lift of the rotor is reacted through the thrust bearing at

the top of the gearcase. Mast bending moments induced by the rotor are

reacted through the upper n_st bearing and the lower -Ast bearing housed

by the ge_case. The gearcase is shock-mounte_ _.o the fuselage.

5._. 3 50°Ton Payload-Shaft Drive

The main transmission gearcase for a 50-ton payload heavy .%ift

helicopter ms sized using ourrent gea_ technology,and layouts were made to

allow for estimation of weights. It is i11ust_ed in Figure 5-17.

This transmission requires a total of 46,000 shaft horsepower,
(

and it was assumed that this power would be &vailable using four a_vanced

design engines of 11,5OO hp each. Engines of this size are expected to

operate at a shaft speed of 19,O00 rp_ to keep _he shaft torque to a

reasonable value.

The l_O-foot _iameter rotor r_Auires that the rl_ be kept to 1
t

to _ntain a tipepeed of 700 feet per second. A tota_ _peed reductiou of !

to i is requlre_ to accomplish thir task. An added third stage plaaetax7

in the gearcue is required.

The ge_-_ue is aa_nged so t_t each of the four ez_ne i_a_s

is turned 90° throw_ • epimA bevel mesh with • 2.1:1 _e_ red_tion.

A ,_ epur plalen is mounted _ the _ sbstt fr_

each englae and drAves the bull (center) ge,_ at 3.1:X x_luetloa. _he center

|
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set. Three stages of planetary gears com_lete the speed reduction to give

a rotor rpm of 94.

The gears to handle this power and gear reduction are larg_ and

require special consideration in future transmissions. Large gears may be

n_nufacturedon speciallybuilt gear cutters. Specls_lge._rcutters would

be one of the first long lead-time procurements required for large shaft-

driven helicopters.

5.4.4 SSH Jet Flap Power Train

The drive system presented in Figure 5-19 is one concept for

the Jet-HAp power train.

Two engines drive into a common gearease with an output to a

compressor to provide cold air to the rotor.

The engines are 7,020 hp each with output shafts speeds of

8,154 rpm. The compressor has 14,040 hp with an input speed of 5,730. A

speed reduction ratio of 1.42:1 is required. The most diA-ect &pproach is to

provide this reduction ratio through a set of spur gearing. Any number of

configurations could be designed, and two concepts are given here. The

alternate design is lighter in weight but has problems in the peripheral

speed of the center spur gear. The center gear could be made a double

helical gear, thus reducing the tooth load.

5.5 CO_ SYS_'m4S

The control system for the shaft-driven helicopters will be

typi_ of @uxTent _ry in'aetice in which & mah l_te is used to

i

I
E
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provide cyclic blade pitch for lateral and longitudinal control and

collectivepitch for thrust control. Directional control is provided by

rudder ped_l-actuatedcollective pitch on the anti-torque rotor.

In the Dorand jet-flap rotor control system, cyclic and col-

l_tive actuation of the Jet flaps provides the same control functions as

does blade pitch actuation on the shaft-driven helicopter; therefore, blade

feathering is not required on the Jet-flap rotor. However, except for this

difference, the two systems are quite similar in that the jet-flap control

system also uses a s_sh plate for lateral and longitudinal cyclic and

collective thrust control.

The Jet-flap rotor is driven pneumatically so no power shafting

to the rotor is required. This makes it possible to provide a hollow

stationarymast inside the air ducting on which the rotor hub is mounted.

In this design, puehrods frQm the pilot controlm are routed u_ throug_ the

hollow mast to a swash plate mounted on the mast above the rotor hub. The

blade flaps are connected to the s_sh plate by linkage routed through the

blade. Because of rotation of the rotor, the control linkage in the blade

is subjected to centrifugmA forces so a counterbalance will be required to

counteract this farce.

Although the control loads in the Jet-flAp rotor system are low

cce_ared to those in the shaft-driven helicopter, power act_tion will !

probably be required to prevent cyclical load £eedbaek to the pilot

controls.

Directioaal control is l_vided through Jet reaetlcn of the

exhaust by means of vaiviag at the rear of the fuxlage. This directional

control valve is actuated by the rudder pe_l_.

|
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As noted previously, blade feathering is not required for cyclic

and collective inputs, but would be required if autorotation is to be

provided.

5.6 LANDING GEAR

The landing gear of a helicopter serves two purposesl (a) to absorb

the kinetic energy due to vertical descent rate during landing; and (b) to pro-

vide a means for ground n_neuver with or without power. Due to the extreme

importance of weight versus perform_ce on a helicopter, the most efficient

components to fulfill the above capabilities are required. These include a

conventional air-oil shock absorber for energy absorption and a wheel and

tire for ground n_neuver. Because of the ability to land and takeoff verti-

( cally, any small clear area becomes a potential landing site regardless of
the ground condition. Therefore, the ground maneuvering cal_bility should

be based upon relativelypoor soil conditions. Tires best adapted for this j

ground maneuver are large diameter, low pressure tires. These tires, however,

can be operated at neLr flat co,lditionbecause of the slow speeds and short

rolls normally required. In order to reduce drag at higher speeds, the

landing gears are _de retractable and are enclosed by doors c_ fsArings.

5-7 MAT_TALS CONSIDI_ATIONS

5.7.1 Cold C_le

M_terials were reviewed for application to the cold cycle rotary

blade. The environmental parameters of the cold cycle sy_em are _h that

conventional _ lterial8 and processes _y be utilized for blade
f
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fabrication. Maximum predicted structural temperatures are under 300°F.

The following aluminum alloys meet the structural criteria: 7075, 2024,and

2219. The 7075 alloy would be used as skins for conventional aluminum core

honeycomb construction. A modified epoxy adhesive, such as Metlbond 328,

is selected for bonding skins to the core material. Either 2024 or 2219

alloy is suitable for the gas ducts within the blade. Although these materials

are fairly similar in elevated temperature properties, the 2219 alloy offers

distinct advantages if fusion welding should be desired as a fabrication

technique. The ducts require insulation to keep the external structure of

the blade at efficient strength levels. Study revealed that an 8 ib/cu ft

1/8-in.-thick al_nina-silica fiber insulation material would provide the

thermal drop required. Johns-Manville's Thermoflex is an example of this

type material.

5•7.2 Warm C_,cle

Materials considered suitable for the warm cycle bl_de, except

for the duct, are the same as those mentioned in the cold cycle discussion

above. The duct material selected (due to temperatures around 900°F) will

be a precipitation-hardeningstainless steel. PH 15-7 Mo alloy exemplifies

this class of material. In order to keep the blsxlestructure cool, the

insulation thickness will be increased to approximately one-half inch.

|
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5•7.3 Hot Cycle

!

The thermal environment and el_ent life desired are of primary

importance in selecting a material for the hot ducting. At 1300°F Inconel

718 is a _d choice because of its strength, density, and fabrication

characteristics. As duct telperatures increase to the range of I_00"F

to 1600eF the materials available for selection weigh a little more, decrease

in strength and became more difficult to fabricate. Rene' _I is typical

of the type of materials available for this thermal region. In particular

the welding and forming of these materials becomes increasingly difficult.

In the temperature range of 1600"F to 1700°F it becomes a trade-off as

to whether nickel or cobalt based superalloys should be used. Here again

strength is decreasing and in the case of cobalt based materials (Haynes 25

( is an example) density is increasing.

Additionally above 1600eF the problem of dynamic oxidation will
2,

be encountered. Alloys containing considerable amounts of chromium are

subject to the volatilization of Cr205. This can greatly shorten the life

of a cce_onent. Of course, it is dependent on mount of oxygen available,

temrperatureand velocity of gas flow.

In s_m-ary from a materials viewpoint, there are definite

advantagesin keeping the duct temperature reasonably low. A_ of the

classes of materials discussed above can be fabricated into ducting. In

general, though, the lower the temperature the higher will be the naterial

strength. Above I_OeF _rmmie oxidation will be encow_tered and appropriate

penalties paAd. It is reecemended that this theawal l_gion be avoided if

at all possible and that duet teq_ratures be kept DO h_her than othar
F
_'-_ requirments dictate.

5-k5
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5.7.4 DH 2011 American Equivalent Materials

American equivalents of the materials called out in the
!

Giravions-Dorand Drawing No. 2011-1.40.203 are noted. The Bell's asbestos

silicone is equivalent to MIL-R-5847D Class II grade 60 material. _les

of this material would be Dow Corning's Silastic 7_6U or General Electrie's

SE 3613U. Equivalents to the adhesive called out as CAF-4 are GE's RTV 102

and DC's 732. Primaire MB is the primer used on the metal surfaces.

Similar American materials are GE's SS-4004 studDC's Q-2-1011. The metal

used in the laminate is a grade 300 stainless steel.

5.8 DYNAMICS CONSIDerATIONS
e

The intent of this preliminary applications studM was to

conduct the research effort planned for the Jet-flap rotor concept, rather

than to provide a detailed preliminary design. Therefore, extensive efforts

in the areas of rotor dynamic behavior, vibration, and acoustics were not

required. Only preliminary assessments are made in these areas to determine

their potential impact upon weight, pe_formance_ and problem areas.

5.8.i Rotor D_amic Behavior

Dynamical review of the Jet-flap concept reveals no critical

problem areas inherent in the design. There are, however, ma_ areas of

_yr_cal considerations requiring thorough investigation %o ensure a

feasible aircraft once the Doraad concept is finalized. Specifically,

flap controX and hub design 4_cal problemm will require _tate-of-the-art

0
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_.eza 6!67to 7168to _Ks
TITLE W68 2169

Par.6.3 X PartI Study
STUDYRESULTS Presents data generated for:

(a) Fuel available curves
(b) Weight, balance and inertia

su_ries
(c) Group Weight Statements

X Part II Study
Presents data generated for:
(a) Sensitivity Study
(b) Power_it
(c) ae-opttatzation of cold

cycle analysis of Part I

Data will consist of:
(a) Fuel available curves
(b) Weight su_aries of Point

Designs

Par.6.4 x Partl
WEIGHT Data presented includes:
DERIVATION (a) Statistical equations used

to derive the estia_ted

veight of various components
(b)A..._io..a Des_. Data
(c)_ calc_O_tionsof the

esttastad weight of one point
das_n u.ing tte_ (a) a
(b) above.

X Part II

Data presented Includes:
(a) Same statistical equsttons

uHdu in Part I. However,
fuselage equati_ is new
far Part II stu_.

b)A..mpt_o..ariaDeslS.Data• _) _ c_ttens _ not
, be z,epessr,ed in Psa_ IX since

t_As _ de--ted in Part IX

_am _nnss (a) _uua_t_ _
__.
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d_cs. The main advantage of the Jet-flap concept is the elimination

of dynamical proble_ associated with whirling shafts and gearboxes associated

with the shaft-driven concept.

5.8.2 Acoustical and Vibrational Environment

No critical problem areas exist from an acoustics and vibration

standpoint for the Jet-flap concept. A potential lower vibration level

exists for the Jet-flap concept when compared to a shaft_driven concept.

One of the factors contributing to this reduction is the absence of stall

on the retreating blade. No pronounced acoustical differences are apparent

between the two concepts. High frequency noise generated by the compressor

and turboshaft engines can result in high acoustical levels near _he cockpit

( in either concept. Proper engineering design and soundproofing, if required,

can result in acceptable noise levels.



i

6.0 WEIGHT CONSIDERATIONS

f

6.1 INTRODUCTION

The Jet-flapped rotor system application study contract does not

call for the submission of specific types of weight data. However, a certain

minimum amount of data must be included for an adequate understanding of the

methodology used to derive the weight data. Since a considerable amount of

these data were generated in support of the mission studles, it becomes a

question of presenting the correct types of weight analysis data. Accord-

ingly, the data selected for presentation include:

• Fuel available curves versus gross weight

, Group weight statements for each point design

( . Weight, balance, and inertia summaries for each point design

• Weight studies

The data presented in this report will cover two stu_ periods:

(a) Part I, June 1967 to April 1968, and (b) Part If, July 1968 to February

1969. Orgaaizatlon of the data is u ._reeented in the following table.

i J i i | i=i : i • i i •

I 'PARAGRAPH PART I PAR_ II i
Iru_4B_ 6/67 to 7/68%0 REMARKS ,
a znmz /68 21@

i is • i

Paz. 6.2 X X PazZ I & II 84mdies

_DOX_ l_ril_i_ of _he
und in derlvlagthe erklm_1_d

1

• iC
• %

m
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The weight data described above were derived for two concepts:

(a) a shaft-driven helicopter, and (b) a Jet-flap helicopter. Each concept

has a hlgh speed and a heavy llft configuration. Type of mission (heavy

lift or high speed) dictated the fuselage desi_no For the heavy lift config-

uration, a cra_e-type fuselage arrangement is used; whereas, the high speed

configuration had a conventional fuselage arrangement.

The major differences between concepts occur in the propulsion

components. The rotor on the Jet-flap concept is driven by cold air (_400°F)

supplied by a compressor located in the fuselage. Air is directed from the

compressor through the rotor blade to the nozzle and is then blown over the

trailing edge flap. Power to drive the single compressor is obtained from

the main turboshaft engines through a shaft end gearbox arrangement. No

tail rotor is required with the Jet-flap concept. A transmission system

C and tail rotor, however, is required to drive the rotor blade on the shaft- _s

driven concept.

6.2 METHODOLOGY - PART I AND II

Methods which may be used to derive and Justify helicopter compo-

nent weights are technically limited at present by the amount of detail design.

Detail design for the subject study was very limited, requiring cnly enough

technical depth to permit the selectio_ of the mission best suited to utilize

the capabilities and potentials of the Jet-flap rotor. Thtm, sizing of the

| propulsion arrangement of each concept has received the w_or ,_spha_is. The i

i 'enclosing structure and fixed equipment item received less detailed atten- t

i tion. Therefore, on_ one of the standard estt_ting methods, semienalytical,

statistical, an_ c@_ent aizing_ is wed extensively in this stu_ t@ derive

0
6-3
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the estimated weights. The method used is statistical analysis, which con-

sists of using statistical weight estimating equations and certain design

data in deriving the estimated weights. Statistical weight estimating

equations are used for as many as possible of the major helicopter components

of each concept studied. The statistical weight estimating equations were

selected so that the same equation was used for identical components of both

concepts, thus eliminating any optimism or conservatism "_hich is ind,_ced when

identical component weights are derived by two different statistical weight

estimating equations. It was necessary to deviate from this philosophy only

once in deriving the estimated weight; this conflict occurred in deriving

the weight of the transmission system. For the shaft-driven rotor, a con-

ventional shaft and gearbox arrangement is used. The Jet-flap rotor concept,

however, is driven by a hot gas system plus shaft an_ gearbox arreu_emen+.

Drawings of rotor-driven systems are presented in Section 5.0. "

For those few situations where it was not possible to use statis-

tical methods of weight estimating, component weights were derived by other

methods. These methods consist of using data obtained from:

• Vendors

• Contemporary helicopters

. Calculations based cm preliminary drawings.
D

Utilising the estimating methods described previously, sample

calculations are presented in Paragraph 6 ._.2 showing how the estimated

weights were derived for the ccwpcaents of the _eavy l_ft Jet Flap Point

;. Design.
|

0
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An accuracy analysis was performed to demona'trate the efficiency

of the weight estimating procedures used in the subject study. The same

equations presented in Paragraph 6.4.2 were used to estimate the weight of

various cc_ponents of twenty-five cow,temporary helicopters. The estimated

weights derived are compared to the actual weights of these models in Tables

6-1A through 6-!C. The deri%wtion of the mean (X) and the standard deriva-

tion is shown in these same tables. A plot of the r_tio of actual weight to

the estimated weight of the models is presented in Figures 6-1A, 6-1B, 6-IC.

The limits shown are 95% confidence that 90% of all future estimates of

Wtact will lie within this band.

Wt
est

,- 6.3 STUDYRESULTS

6.3.1 Part I

_his section contains fuel available curves derived for the

parametric study. In addition, it contains the following data for each of

the four point designs derived fr_n the parametric study: (a) group

weight sun_e_ies, and (b) mass propert_.es _ies.

The fuel available data was obtained from a par_netric weight-

analysis routine using the statistical weight estimating equations described

in Paragraph 6.4. Pin,minters atudled were: (a) gross weight, (b) rotor i

dJ_eter, (c) disc loading, and (d) solidity factor. Plots of these data

are presented in Section 3. Four point designs were selected fr_ &

sizing study utilizing these data a_d fuel required data.

e,
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TABLE 6-1A ACC_ '.ACYANALYSIS - DERIVATION_ OF MEAN R_IO OF WTAcT 2

ROTOR GROUP_ HDRIZONTAL TAIL, SURFACE CONTROLS, WTEsT

BODY GROUP, LANDING GEAR, DRIVE SYST_4, HYDRAULIC AND PNEUMATIC

Ac_. Wt. J
Actual Weight Estimated Weight Ext. Wt. Act. Wt.

Est. Wt.

No. Model (i) (2) (3) (4)

i UH-]_B 2998 2880 i.0_I0 i.0837
2 UH-IO 2880 2973 O.9687 0.938h
3 _-IE 2842 2736 I.0387 i,0790

U_-IF 27_ 2895 0.9492 0.9OI0
5 COBRA 962 873 i.1019 i.2143
6 OH-4A 921 843 i.0925 i.1936
7 OH-13L 886 918 O.9651 O.9315
8 OH-13S 938 885 i.0599 i.1234
9 NH-41A 820 723 i.1342 i.2863

10 OH-23G 969 1153 O.8404 O.7063
Ii OH-6A 586 695 0.8_32 O.7109
12 AH-56A 5510 5578 O.9878 O.9758
13 SH-3A 7291 6426 1.1346 1.2873
14 CH-36 8541 7262 i .1761 i.3833
15 UH-190 2141 2395 O.8939 O.7991
16 HH-52A 3295 3015 1.0929 1.19_
17 269A 291 372 O.7618 O.5803
18 cH-zlc 4245 42h6 o.9998 o. 9995
19 CH-34A 4534 4843 O.9362 0.8765
20 CH-37A 10210 10039 i.0170 i.03_d_
21 CH-53A 15941 154A8 1.O319 1.O648
22 UH-ZB 3966 3684 I.0765 i.1590
23 CH-54B 15875 15854 i.0013 i.0027
24 CH-54A 12853 10772 i .1932 i.4237

25 XV-9A i 5189 4730 1.0970 1.2035

TOTAL 25.43_8 26.15Z7 i

(_) 25.4_
- No. of Models(n) - 25 = 1.0174

2 1.0351 * i - 2.208

6.1_27 - 25(1.O351)
Sx " V n-I = I O.1071

Upper Limit = X + IS - 1.0174 + 2.208(0.1071) = 1.2539
X

Lower Limit - X - ISx m 1.0174 - 2.208(0.1071) = 0.7809

• Ta':enfrom Ref.

Accuracy Analysis Table
I

6_
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TABLE 6-1B ACCURACY ANALYSIS - DERIVATIONS OF MEAN RATIO OF WTAcT 2
WTEsT

ROTOR GROUP + DRIVE S" _M

r Xf
Act. Wt. Act. Wt.

Actual-Weight Estimated Weight Est. Wt. Est. Wt.

_. Model (Z) (2) (3) (4)

UH-IB ih82 1463 I.0130 i.0"261
UH-ID 1325 1469 O.9020 O.8136
UH-iE i32i i3i3 i.006i i.Oia2
UH-IF 131.I 1469 O.8924 O.7965
OH-4A 409 387 i.0568 i.1169
OH-13L 433 441 O.9819 O.9640
OH-13S 435 417 i.0432 i.0882
OH-23G 509 474 i.0734 i.1531

i90 OH-6A 294 323 O.910_ O.8285SH-3A 4091 3601 i.1361 i.2907

z_ 6_-30 3850 3842 i. o02i i. oo42HH-52A 1483 1632 o.9087 O.8257
13 CH-34A 2427 2381 1.0193 1.0390
14 CH-37A 6082 5719 i.0635 1.1310
15 C}I-53A 8546 8469 i. 0091 i. 0183
i6 t_-2B 2028 i9ba i. o4A3 i. 0905
i7 CH-543 9298 9312 O.9985 O.9970
18 CH-54A 7662 6866 1.1159 i.2453

I-/ TOTAL 18.1765 18.4408

(3)
= No. of Models (n) =

2

= 1.0197 * i = 2.366

7xf. n _2 /i8._o8- i8(i.01_) = o.o748Sx = V n-1 = 17

UmberT.imlt = _ + i sx - I,oo98 + 2,366(o,o748) - 1,1868

Lower Limit = 1.0098 - 2.366(0.0748) ,-0.8328

• Taken from Ref.

AccuracyA_is Table

6-7
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TABLE 6-IC ACCURACY ANALYSIS - _FJ%IVATIONS OF MEAN RATIO OF WIIACT 2

_EST

TOTAL ROTOR GROUP

I . X2 fAct. Wt
J

Actual Weight Estimated Weight Est. Wt. Act. Wt.
Est. Wt,

No. Model (i) (2) (3) (4)

i UH-IB 931 873 i. 0664 i. 1372
2 T'H-ID 745 823 O.9052 O.8194

q..iE 756 723 1.0456 1.0933,jn-I= 740 823 0.8991 0.8084

5 _0BRa 962 873 i. 1019 I.2142OH-4A 250 23.1 i. 0823 i.].713

OH-13L 285 268 I.0634 i.1309OH-13S 257 252 i.0198 1.0400

9 NH-41A 242 242 1.OOOO 1.0000I OH-23G 311 299 i.0401 i. 0818

iI OH-6A 181 216 0.8380 0.7022
12 _H-56A 2178 2227 O.9780 O. 9565

13 SH-3A 2328 2003 i.1623 i. 3509
14 CH-3C 1909 2148 O.8887 O.7898

15 UH-19D 808 860 0.9395 O.8827
16 HH-52A 785 872 O. 900@ O.8104

17 269A 115 139 0.8273 0.6845
18 CH-21C 13_4 1392 0.9655 O. 9322

19 CH-34A 1336 1459 0.9157 O.8385
20 CH-37A 3618 3480 1.0397 1.0809
21 CH-53A h788 4827 O. 9919 O.9839

22 tm-aB L_95 1186 ]..0191 1.1923
23 CH-54B 5035 5595 0.8999 0.8.098
24 CN-54A 4051 3h61 3.1705 i.3700

25 xV-gA 2805 2660 1.0545 1.1120

TOTAL 24.8874 25.2931

(3) , 24.887_ ,, 0.9955
= No. of Models(n) = 25

2

= o.9910 * 1 = 2.2o8

s = nX
x . = _ 2_(.9910) - = 0.Z_69

upperLimit= _ - I sx - 0.9955+ z.2o8(o.1469)- 1.3z99
LowerLi=it - _ - 1 s = 0.9955- 2.2o8(o.z_69)- o.67_

X

• Taken from Ref.

Accuracy A_I_tII8 Table

6-8

' ..... or: v:v:'" :L-'."!:.'_:':"-" '-.'"' ..... " ......... "-"-± "_,{' "_'-- ..........__/;_'.L ....... _'i'i_%3r--,_-."".......... '-_ '" '

1969016190-178



(

• +6-9.



0

.... , h n

1969016190-180



2

1969016190-181



2

Table 6-I is a su_ of the estimated weight distributions

of the various point designs.

The :ass properties data for the four point designs are sunnarized

in Table 6-2. Values are shown for: (a) takeoff gross weight, (b) zero

fuel, and (c) operating weight empty. Figure 6-1 shows the reference axis

syst_n for the four point designs. The mass properties data was derived

using: (a) the inboard profile drawings, (b) the weight sumazies shown it.

Table 6-i, and (c) a computer routine.

6.3.2 Part II

The results obtained from the c_pletio_ of three tasks are

sun_ri_ed in this section. Tasks ccEpleted are: (a) Sensitivity Study,

(b) Power Split, and (c) Reoptialzationof Cold Cycle Analyses of Part I.

This data consists of: (a) Fuel available curves, and (b) Group wei_t

su_aries for _oint designs derived from the parametric study. The fuel

available data wa_ obtained from a parametric weight analysis routine

using the statistiee£weight estimating equations described in Paragraph

6.4. Parameters studies were: (a) gross veight, (b) rotor solidity, (c)

engine cycle, (d) thrust recover7 and pressure loss, (e) thrust angeeenta-

tics, and (f) power wplit between Jet flap and a tip Jet.

'l_ese data are presented in Section 3. Point 4esig_ were

selected fr_a a sising st_ utilising these data and the i_ required

data of Section 3.0.

Table 6-1 l_ a _ of the eutl_ted we_ht dirtributiw

for the vario_ point 4estSu.

( )
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TABLE 6-1 GROUP WEIGHT SUMMARY

FOUR POINT DESIGNS
f

.......... Je£ Flap Shaft Driven

Heavy Lift High Speed Heavy Lift High SpeJd
i

Main Rotor Blade Assembly 9,583 2,566 11,552 2,167
Tall Rotor ...... 701 106

Horizontal Tail 270 43 242 47

Vertical Tail 491 51 b58 hi

Basic Body 8,584 2,058 8,779 1,811

Main Landing Gear 2,739 590 2,887 381

Nose Landing Gear 796 171 841 102
Surface Controls 2,083 672 2,181 503

Engine Section 757 240 436 119

Total Structure (25,303) (6,391) (28,077) (5,277)

Engine 3,440 1,090 1,980 540
Air Induction System 140 65 141 50

Exhaust System 85 94 99 66

Lubricating System 256 126 192 69
Fuel System - Tanks and

c Plumbing 312 605 218 121
Engine Controls 60 60 60 60
Starting System 60 60 60 60

Drive System 3,730 h00 9,256 1,425

Compressor 510 265 ......

Total Propulsion (8,593) (2,766) (12,006) (2,391)

Instrument and Navigation
Equip. 300 96 300 96

Hydraulic and Pneumatic 131 70 135 56 i
!Electrical 1,000 220 1,000 220
Electronics 290 27_ 290 274

[Furnishings 350 280 350 280 i
Heat and Ventilation 50 96 50 96

_Aux. Gear 1,500 --- 1,500 ....
!

!Total Fixed Equipment (3,621) (1,036) (3,625) (1,022)
II | I

_Total Weight Empty (37,517) (10,193) (43,708) (8,690)

Crew 600 400 600 400

Fuel - Unusable 43 83 30 18

_el - Usable 4,270 8,284 2,992 1,742 ,

Oil Engiae 70 20 70 20

Cargo 40,000 4,000 hO,OO0 4,000 ,

_ Total Useful Load (44,983) (12,787) (_3,692) (6,180)

Io o" I .8 .,oo I lh,8TO

6-13 1

I .....II I ..... . ,, - _q'y%",',.,,,,'",'_""_ ...................... ",':' - ,
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PART II 2

TABLE 6-1 (Contd) GROUP WEIGHT SU_IES POINT _ESIGNS

LTV
LTV HIGH SPEED HELICOPTER HEAVY LI_T

HELICOPTER

AUXILIARY AUXILIARY AUXILIARY SPLIT POWER SPLIT PO_,_R

5o_.'LOW 2_ nOW
THRL_T THRUST THRL_T TO FLAPS TO FTJLP

50_ FLOW 75_ FLOW
TURBOJET CRUISE FAN TURBOPROP TO TIPS TO TIP

Main Rotor Blade Assembly 12_8 1073 1373 1121 8766
Horizontal Tall 37 33 39 32 257
Vertical Tail 40 35 _ 33 473
Sulc Body 1258 1166 1311 1113 8213
Main landing Gear 436 369 483 335 2475
Nose Landing Gear 119 98 i_ 87 707
Surface Controls 540 477 581 445 1956
Engine Section 75 59 303 51 220

/ Total Structure (3753) (3310) (43_7) (3216) (23,067)

Engine 342 266 376 230 960
Air Induction 86 66 69 59
Exhaust System 1214 958 700 518 3500
Lubricating System 126 126 ]26 126 13_
._uelsystem-Tanksand Plumbing 395 2_J_ 256 224 200
Ensine Controls 60 60 60 60 120
starting System 60 60 60 60 60
Drive System ..........

Auxiliary Thruster "" i 600 3779 ....
t

Total Propulsion (2283) _ (2370) (5426) (1275) (5268)

Inftrumentation and Navigation 96 96 96 96 300
_draulic and Pneumatic 70 70 70 70 i_
Electrical 220 220 220 220 i000

Electronics 27k 27_ 27_ _ 290
P,ami,,_r_= 280 280 _Jo 280 350
Heat and Ventilation 96 96 96 96 50
Auxiliary Gear ........ 1500

Total mx, d _,.tm,,_ (1036) (1036) (1036) (1036) (3615)

Total Weight _=pty (7071) (6716) (10,809) (5527) (31,950)

Crew _00 _00 kO0 kOO 600
r._ - Om=abze ZO8 6_ 7O 61 28

- O,,,_X, _o0 _00 _O_ 3067 27_
oLt - ZN_ae 20 2O _0 20 "tO
Carlo kO00 kO00 kO00 kO00 kO,O00

orou _d,Poctw_ (z7.000)(Xk._O0)(_8.800) (13.07_) (7_.koo) [

i ..... ' ..... I
i
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PART II

TABLE 6-1 (Contd) GROUP WEIGHT SU

HIGH SPEED HELICOPTER

LTV Dorand Dorand L'I_

Hot Cycle Hot Cycle Warm Cycle Cold C_

Main Rotor Blade Assembly 1,099 663 1,322 1,22(

Horizontal Tail 34 30 31 35

Vertical Tail 36 31 32 3_

_ic Body 1,185 1,069 i,i0_ 1,21c.

Main Landing Gear 381 306 328 bll

Noee landing Gear i01 78 85 iii

S_rfac_ Controls 488 416 439 51£

Engine Section 63 41 88 17'

TOTAL STRUCTURE (3,388) (2,63h) (3_430) (3,7_-

Engine 286 188 402 78_

Air Induction 71 38 68 5(

_xha.stSystem 580 350 590 9',

Lubricat lag System 126 126 126 12E

Fuel System - Tanks and Plumbing 319 203 176 3_

]b_ine Controls 60 60 60 60

Starting System 60 60 60 60

Drive System - - - 496

Compressor .... 126--

TOZALmom_s_o, (1,502) (I,o25) (i,_82) (2,133

Instrument and Navigation 96 96 96

l_lraulic and Pneumatic 70 70 70 70

Electrical 220 220 220 220

Electronics _ 27_ 27_

Pus-ntahtng_ 280 280 280 280

Heat and Ventilation 96 96 96

a.ztl_ry Gear ....

sin) mun_mrt (_,o_) (1,o36) (1,o_) (_,o__
vmm_men (_,_;) (_,_) (_,_9) (6,e97

cm koo koo koo

_e_-ua_ea_xe 88 _ k8 _.__
_-_e &,_76 2,?79 2,k]3 k,6__

] 969016] 90-] 85
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PART II

UP WEIGHT SUMMARIES POINT DESIGNS

HEAVf LIFT }_LIcOPPER

LTV LTV LTV Dorand Dorand I,TV

le Cold Cycle Hot Cycle Co}d Cycle Hot Cycle Warm Cycle Warm Cyclp

1,226 8,705 9,432 4 ,o05 '_,76_ 15,427

35 260 270 239 257 ?74

39 483 5?i 427 474 52]

1,219 8,3_9 L_,732 6,857 8,2_5 8861

411 2,543 2,735 1,950 2,486 2802

ill 727 793 603 ' 708 815

516 i,995 2,IOA 1776 i,962 2141

172 262 722 187 396 51o

(3,728) (23,324) (25,299) (1b,(9+7) (24,28_) (31,351)

782 i,!9? 3,280 852 1,800 2320

50 283 283 283 283 283

y_ h ,26_ 198 i,59C i,970 3295

126 147 250 124 183 208

338 251 287 151 183 220

60 120 120 120 120 _20

60 60 60 60 60 60

_96 - 4629 0 - -

126 - 530 - - -

(2,133) (9,636) (3,I_) (4,598) (6507')

96 300 300 300 3oo 300

70 127 131 117 125 133r

220 i,000 1,000 1,000 1,000 1000

_ _9O 29o 29o =,90 _)o -

280 350 350 350 350 359

50 50 _o .;c 50

- z,5oo z,5oo z,poo ;,5oo _5oo

(1,o36) (3,617) (3,621) (3,6o7) (3,615) (3623)

(6,897) (33,2_8) (38,557) (23,_3) (32,_97)
&OO 600 6OO 6OO 6oo 600

&,636 3,&38 3,93b 2,0_ 2,_07 ._o19

.......... i
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PAI_ I"

TABLE_ 6-1 (Contd) GROUP WEIGHT

HIGH SPEED HELICOPTER

LTV Dorand Dor_nd I LT

Hot Cycle Hot Cycle Warm Cycle I Cold

Useful Load(Continued)

Oil Engine 60 20 20

Cazgo 4,ooo 4,00o 4,00o 4,,

TOTAL USEFUL LOAD (8,924) (7,255) (6,881) (9,

GROSS TAKEOFF WEIGHT (14,850) (11,950) (12,830) (16,,
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PAI_rII

ROUP WEIG_ SUMMARIES POINT DESIGNS

HEAVY LIFT HELICOFfER

LTV LTV LTV Dorand Dorand LTV

ie Cold Cycle Hot Cycle Cold Cycle Hot Cycle Warm Cycle Warm Cycle
r

20 7O 70 7O 7O 70

4,0OO 40,OOO 40,0OO 40,000 40,000 40,0OO

(9,103) I _,142) (_ ,6h3) (42,757) (43,203) (43_719)

(16,000) l (77,400) (e3,200) (66,200) (75,700) (85_200)

l
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HIGH SPEED HELICOPTER JET FLAP

x

-198" --

NOTE: X ,,HORI_I(TALC°O. - IIC_S AFT _ REFEK_RCEDATUM XX
.,IATESALC.G. - _ _ (_ AIRCRAFT
- TEEfTCALC.S, - INCBESABO_ REFEHN&'EDaTt_Z Z (I, IM)
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F ..... 523" ,,,- _ _ //

I '
BS 77 B_ 600

HEAVY LIFT HELICOPTER-" SHAFf DRIVEN

r

- Z _

!

B 77 Bs_600

HEAVY LIFT HELICOPTER,-JET FLAP
i

NOTE: X - HORIZC_AL C.G. - INCHES AFT OF REFERENCE DATt_ XX
- lATERAL C.G. - INCI_S _ OF AIRCRAFT CJTERLDEB

o; Z - VERTZCAL C.G. - IIWCBS ABOVE ._r_ D_T,R Z Z

1,_ 6-1 (_'D)

_ 6-21
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6.4 WEIGEr DERIVATION

This section contains a tabulation of the weight estimating

methods and the design data used to derive the estimated weight of the four

point designs. Pertinent reme_ks, assumptions, and necessary backup data

are included. Any modification or change required in a particular weight

estimating method is noted.

Table 6-3 contains all the design data necessary for the

complete use of the weight estimating methods utilized.

A practical application of the weight derivation proceit_e

appears in the sample calculations contained in a later section of this

report. The jet-flap rotor heavy lift configuration is used for this

application.

A statistical weight comparison of major structural, propulsion,

and equipment components of other helicopters is made. These weight

com_0arisonsare presented in Yigur_= 6-2 through 6-8.

6.4.1 Weight Estimation Methods and EquatJon

6.4.1.1 Rotor Group - All Concepts

where

WDG = Design Gross Weight

NZ - UltimLte Load Factor

RM = Radius of l_ain Rotor Blade

:')

__ L---

I_ ....................._ _ • ..... IIIIIIH I I ill ' i ii
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PART II

TABLE 6-3 DESIGN DATA - POINT DESIGNS - ALL CONCEPTS

m ' I ....

ITEM JET FLAP SPAFT DRIVEN
HLH-WARM HLH-COLD HSH HSH HLH

Design Gross Weight 82,100 82,500 22,980 [4,870 87,400

Design Landing Weight 82,100 182,500 22,980 L4,870 87,400

Ultimate Load Factor 3.75 3.75 3.75 3.75 3.75

Landing Load Factor 3.75 3.75 3.75 3.75 3.75

Number of Crew 3 3 2 2 3

Number of Engines 2 2 2 2 2

Cargo 40,000 40,000 h,OO0 4,0OO 40,000

Fuselage Length 103 103 40 46.2 103

Fuselage Depth 5.7 5.7 9.5 9.5 5.7

Fuselage Width ii. 7 ii.7 5.3 5.3 Ii.7

Fuselage Wetted Area 2,500 2,500 720 850 2,500

Horizontal Tail Area 121 121 17 30 96

Vertical Tail Area 94 94 18.6 21.8 78

Main Rotor Tip Velocity 6h0 640 640 640 700

Main Rotor Blade 145 145 72.2 67 iO4
Diameter

Main Rotor Cord 5.24 3.81 4.17 4.13 2.88

Rotor Solidity 0.069 O.O50_ 0.0735 0.0785 0.106

Main Rotor Blade Area 1,139 829 301 275 900

Tail Rotor Diameter - - - 8.0 i0

Distance between Rotoz_ - - 28.5 60

 otorRPM 84.5 5 172 19o 129
Number of Blades 3 3 2 2 6

Horsepower per Engine 7,525 6,280 7,020 1,198 7,520

_haft RPM 20,000 L8,980 L9,000 8,000

6m3
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PART II

TABLE 6-3 (Contd) _SIGN II%TA-POINTDESIGNS-ALL CONCEPTS

HEAVY LIFTHIGIISPEED HELICOPTER
HELICOPTER

AUXILIARY AUXILIARY AUXILIARY SPLIT SPLIT POWER
FLOW FLOW

THRUST THRUST THRUST TO FLAPS TO FLAPS
FLOW FLOW

TURBOJET CRUISE FAN TURBOPROP TO TIPS TO TIPS

Design Gross Weight 17,000 14,400 18,800 13,075 17,bOO
Design Landing Weight 17,000 14,400 18,800 13,075 17,400
Ultimate Load Factor 3.75 3.75 3.75 3.75 3.75
Landing Load Factor 3.75 3.75 3.75 3.75 3.75
Number of Crew 2 2 2 2 3
Number of Engines 2 2 2 2 4
Cargo 4000 4000 4000 4000 40,000
Fuselage Length, Ft _0 40 40 40 103
Fuselage Depth, Ft 9.5 9.5 9.5 9.5 5.7
Fuselage Width, Ft 5.3 5.3 5.3 5.3 11.7
Fuselage Wetted Area, Sq Ft 720 720 720 720 2500
Horizontal Tall Area, Sq Ft 17 17 17 17 121
Vertical Tail Area, Sq Ft 18.6 18.6 18.6 18.6 94
Main Rotor Tip Velocity,Ft/Sec 6/_0 640 640 640 700
Haln Rotor Blade Dla. Ft 22.2 72.2 72.2 72.2 145
Main Rotor Chord, Ft 2.13 1.9 2.3 72.2 4.45
Rotor Solidity .0376 .0336 .0_05 .0295 .039
Main Rotor Blade Area, Sq Ft 154 137 166 I_ 6/_
Rotor RPM 170 170 170 170 92
Number of ]_lades 2 2 2 2 3
Thrust/Ensine 1485 1135 1640 965 2120
Horsepower/Engine ..........

O
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PAgr II

TABLE 6-3 (Contd) [ESIGN I_kTA-}

HIGH SPEED HELICOPTER

LTV LTV Dorand Dor

Cold Cycle Hot Cycle Hot Cycle Warm C

Design Gross Weight 16,000 14,850 I1,950 12,8

Design Landlng Weight 16,000 14,850 11,950 12,6

Ultlmate Loaxl Factor 3.75 3.75 3.75 3.

Landing Load Factor 3.75 3.75 3.75 3.

Number of Crew 2 2 2

Number of Engines 2 2 2

Cargo h_X)O 4000 4000 h£

Fuselage Length, Ft. 40 40 40

Fuselage Depth, Ft. 9-5 9.5 9.5

Fuselage Width, Ft. 5.3 5•3 5.3

F_melage Wetted Area, Sq. Ft. 720 720 720 't

Horizontal Tall Area, Sq. Ft. 17 17 17

"ertlcal Tail Area, Sq. Ft. 18.6 18.6 18.6 18

MAin Rotor Tip Velocity, Ft/Sec. 6_O 640 720 7

Main Rotor BMe Diameter, Ft. 72.2 72.2 67

Main Rotor Chord, Ft. 2.1 1.9 1.2 2

Rotor Solidity •0375 .034 .023 .C

Main Rotor Blade Area, Sq. Ft. 153 139 81 1

Rotor RPM 170 170 203 2

Number of Blades 2 2 2

Thrust/Engine 1/85 775 l':

Hor|epower/lht_ine 3125 - -

<

A l
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PART II

,IGN _a_TA-POINTDESIGNS-ALL CONCEPTS

HEAVY LIFT !{ELICO'i_ER

Dor_nd LTV LTV Dorand Dorand LTV

Warm Cycle Cold Cycle hot Cycle Warm Cycle Hot Cycle Warm Cycle
!

12,830 83,200 77,400 75,[00 66,200 5,200

12,830 83,200 77,400 75,700 66,200 85,200

3.75 3.75 3.75 3.75 3.75 3.75

3.75 3.75 3.75 3.75 3.75 3.75

2 3 3 3 3 3

2 4 4 4 4 J,

4000 4o000 4000o 4ooo0 4ooo0 40000

40 i03 lo3 lo3 i03 103

9.5 5.7 5.7 5.7 5.7 5.7

5.3 11.7 ll.7 11.7 11.7 ll.7

720 2500 2500 2500 2500 2500

17 12_i 121 121 121 121

18.6 94 94 9h 9_ 94 --

720 700 700 720 720 700

67 145 11,5 145 lh5 lh5

2.h 3.5 3.3 3.7 1.9 5.8

.01,6 .0h65 .Oh35 .0485 .02_5 .076

164 767 718 8oo _o_ 125_
!

203 92 92 95 95 92

2 3 3 2 2 3

i_00 2660 I 3230 1875 _120

- ,, 61,80 .... I

m

I

I
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SBLA = Total Blade Area

RRp M = Rotor RPM

K1 --0.797 for Gross Weights from i0,OO0 - 39,999

= 0.857 for Gross Weights from 40,000 - 69,999

= O.916 for Gross Weights from 70,000 - 99,999

6.4.1.2 Wing Grcup

Not applicable.

6.4. I.3 Tail Group

a. Tall Rotor - All Shaft-Drlven Concepts

WTR = .18637 I(_T) "5OO(WDG) "476(_) "7Og(RM) "036 1

where

HP . Total Horsepower/Tip Velocity
v,
WDG = Design Gross Weight

= Radius Tail Rotor

RM = Radius _in Rotor

b. Horizontal Tall - All Concepts

WHT = .03725 i(WDG)'537(SHT)'585 l

where

WDG = Design Gross Weight

SHT = Area Horizontal Tail

Uc,,,,x,).' 1
©

6-34
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w_,ere

WDG = Design Gross Weight

_. = Area Vertical Tail

6.4.i.4 Bod_v Group - All Configurations

WBG--o.o2oI

&

where

WDG = Design Gross Weight

Nz = Ultimate T_o_ _l__ctor

S_ = Wetted Area Basic Body (Ft2)

T.. LengthofBo_ (_t)

D - _th ofBody(Ft)

B :WldthofBo_ (Ft)

= 1.0 for Gross Weights from iO,0OO - 39,999

= 1.14 for Gross Weights from 40,000 - 69,999

= 1.26 for Gross Weights from 70,000 - 99,999

6._.i.5 Alighting Gear - All Concepts



2

b. Nose L_udlng G_r

WDL : ,90107(WDL) I.193

where

WDL = Design Landing Weight

6.4.1.6 Surface Controls - All Conce1_ts

w_ o_1%o__z__%__o_I
where

WDG = Design Gross Weight

NZ = Ultimate Load Factor

LF --LeithofB_

6.h.i.7 _ine Section - All Concepts

wm --.22 %)

where

WE = Weight of Engines

6._.I.8 Engine - All Concepts

The engine weights were read from curves supplied by Allison.

This data is presented as Figure 6.9.

1969016190-206



\ i

I

1969016190-207



6.M.I.9 Air-lnduction System - All Concepts

wAi= (1 lb/_2)CI,en_thl(Di,,,)(_')

6._.I.i0 Exhaust Syst_ - All Concepts

WEXH = (1.25 iblft2)(Length)(Dis)(w)

6.h.l.ll Lubricating System - All Concepts

WLS = 3.7062(WING).52

where

W_G = Total Engine Weights

6._.i.12 Fuel System - All Concepts

WFs=o_3%F)

where
l

WUF - Weight Usable Fuel

6.M.I.13 _ine Controls - All Concepts

WEC " 30 ib/engine

The eetimLted weight for this component is held constant per

engine. It is derived from statistical _ta taken from the following

helicopters:

XH-15, YH-la, _-I, XH-17, DEH-I, XH-16, H'37

O

......... '..... i ii

| • nl J,i m n i
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6.h.l.lh St%rtin_ System

r

WSS = 30 Ib/engine

The estimated weight for this compcnent is held constant per

engine. It is derived from statistical data taken from the following

helicopters:

XH-15, YH-12, HSL-I, XH-17, XHCH-I, XH-16, H-37

6.h.i.15 Drive System

a. Shaft Driven - Heav_ Lift and High Speed

wei_t Drive system--0.3024{0T)'4X3(L_)1"246

where (HP/RPM)"176 (R)"307!K1

HP = Total Horsepower

LR = Length between Rotors

HP/RPM = HP/_gine
Shaft RPM

R = Reduction Gear Ratio

= 1.15 for Gross Weights from i0,000 - 39,999

= 1.08 for Gross Weights from 40,000 - 69,999

= 1.00 for Gross Weights from 70,000 - 99,999

{

b. Jet Flap - Concept Only i

The estimated weight for the J_t-flap configurations is i

derived from a buildup of component parts as shown below:

H.eavy Lift

._.IMP In _'651_PMIn _'67L

2,294

Installation of Gearbox = 21.5_ of Gs_box We_t - _

_S9

1969016190-209



Shafts

_.agine : .283 i(28.27 - 23.76)(2)(36)! = 92

Compressor = .2831(12.57 - 9.62)(60_ i = 50

Support Bearings

Assumed 20_ of shaft weight

i(142)(.2o)J = 28
Ducts

TO Rotor = (H) (Dia)(Length) (Wall ThicMness) (2)(.1)

= (3.14) (34) (140)(.05)(2)(.1) = 150

Through Blade (3 blades)

(3) (_) (7.58) (72.5) (.05) (2) (.1) = 52

(3) (_)(6.36) (72.5) (.04) (2)(.1) = 70

Drive System Weight

Cooling System for Gearbox = (.166)(Weight Gear Box)

= (.166)(2,294) = 380

Override Clutch = 60 lb/engine = (60)(2) = 120

Total Weight for Heavy Lift Jet Flap 3,730

High S2ee,_Jet Flap

_,,I IEP In \'651RR4 In \.67 I,..

- 2281(.278)a.2_)](2) . _6o
Gearbox Installation 28

6._0

J
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Shafts

Engine : .2831(7.O69 - 5.309)(14)(2) 1= 14 ,

Compressor = .283 !(12.57 - i0.18 )(70)i: 48

Support Bearings (assume 20% shaft weight) = (62)(.2) 12

Ducts

To Rotor _ (.1)(625)(.025) (=)(20) = lO

In Blades (.i)(36)(.O_) (_)(8.4) (2)(2) = 15

(.i)(36)(.O_) (_)(7.08) (2)(4) = 26

Cooling System = (.166)(Wt Gearbox) = 27

Override Clutch = (30 ib/engine)(2) = 60

Total Weight for High Speed Jet Flap 400

6.h.I.16 Compressor Weights.- Jet-Flap Concept - Qnly

( The estimated weight for this component was read from data

supplied by the General Electric Co. Figure 6-10 is a plot of compressor

weight versus shaft horsepower.

6._.i.17 Instrument and Navigational Equipment Weight

a. _ Lift Helicopters - All Concepts

The estLmated weight of these items for the heavy lift

configurations is derived from statistical data taken from the following

helicopters:

CH-53A, CH-54B, Sikorsky HLH, Vertol _H

CH-53A 357pounds

c.-s 286
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Sikorsky HLH 277 Pounds

Vertol HLH 248

Average Weight 292 pounds

This average shows the reasonability of the 300 pounds

used for the heavy lift configurations.

b. High Speed Helicopters - All Concepts

The estimated weight for these items for the high speed

configurations is derived from statistical d_ta taken from the following

helicopters:

•AH-56A, CH-S4A, CH-21C, UH-19D, UH-25B

AH-56_ 140 pound_

CH-S4A 108

• CH-21C 134

UH-19D 70

UH-25B 62

Average Weight 103

This average shows the reasormbility of the 96 pounds used

for the high speed configurations.

6,h.I.18 H_draulic and Pneumatic Weights - All Concepts i

I 1
where

WDG = Design Gross Weight

Nz = Ultimate Load Factor

|
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6.4.i.19 Electrical Weight

a. }{eavyLift Helicopters - All Concepts

The estln,_ted weight for the electrical group for the heavy

lift configurations is derived from statistical data taken from the

following helicopters :

Vertol HLH, XH-17, Sikorsky MY.H,Lockheed HLH

Vertol HLH 995 pounds

XH-17 920

Sikorsky HLH 610

Lockheed HLH i_402

Average weight 982 pounds

This average shows the reasonability of the 1,000 pounds used

for the heavy lift configurations.

b. High Speed Helicopters - All Concepts

The estimated weight for the electrical group for the

high speed configu:ations is derived from the following helicopters:

CH-34A, xV-gA, OH-43D, UH-25B

CH-34K 327 pounds

XV-gA 201

OH-43D 205

UH-25B 192

Average weight 231 pounds

This average shows the reasonability of the 220 pounds used

for the high speed configur_tiorm.

n n n m n
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6.h.I.20 Electronics

a. Heav_ Lift Helicopters - All Concepts

The estlmated weight for the electronics group for the heavy

lift configurations is derived from statistical data taken from the

following helicopters:

CH-54A, CH-47A, Sikorsky HLH, Vertol HLH, Lockheed HLH, YH-16A

CH-54A 292 pounds

CH-47A 302

Sikorsky HLH 290

Vertol HLH 280

Lockheed HLH 200

_-16A

Average Weight 278 pounds

This average shows the reasonability of the 290 pounds used

for the heavy lift configurations.

b. High Speed Helicopters - All Concepts

The estimated weight for the electronics group for the

high speed configurations is derived from statistical data taken from the

following helicopters:

CH-34A, CH-?-IC, CH-A_A, CH'37A

CH-34A 2691_._,

CH-21C 247

CH-37A 231

Average Weight 275 poundl_

( !

6-k_

i
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L

This average shows the reasonability of the 274 pounds used

for the high speed configurations.

6.h.i.21 Furnishing Weights

a. Heavy Lift Helicopters - All Concepts

The estimated weight for the furnishing group for the heavy

lift configurations is derived from statistical data taken from the following

helicopters:

HH-52A, CH-47A, YH-16A, UH-25B, UH-IE

HH-52A 216 pounds

CH-47A 810

YH-16A 425

UH-25B 125

uH-IE

Average Weight 358 pounds

This average shows the reasonability of the 350 pounds used

for the heavy lift config%trations.

b. High Speed Helicopters - All Concepts

The estimated weight for the furnishings group for the high

speed configurations is derived fro_ statistical _t_ taken from the

following helicopters:

AH-56A, 8H-3A, CH-?-I.C, UH-19D

Jut-p_ 2P5

SH-SA hOp

0

i ....... .£

..l_Zk_.._-___.... " _'_- _ ": '',i ,---'_"_,_- ........ "" - : -' .... . ......' : , "; _ ...... _:.,'t,_. _ ....... ' '_!'" .,.
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CH-21C 258 pounds

UH-19D 205

Average Weight 280

Total furnishings used

for high speed
configuration 280 pounds

6.4.1.22 Heatin_ and Ventilation Weight

a. Heavy Lift Helicopters - All Concepts

The estimated weight for the heating and ventilation group

for the heavy lift configurations is derived from statistical data taken

from the following helicopters:

Vertol HLH, UH-25B, UH-2B, HH-4?_, UH-1E

Vertol HLH 128 pounds

UH-25B 27

UH-aB 81

HH-_3B 39

UH-IE 49

Average Weight 65 pounds

This average shows the rea6onability of the 50 pounds used

for the heavy lift configurations.

b. High Speed Helicol_ters - All Concepts

The estimated weight for the heating and ventilation _oup

for the high speed ccmftgurations ia derived from stati_ical data taken

the following helAeopte_|:

5
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SH-BA, CH-21C, UH-19D, CH-3_A

SH-3A 109 pounds

CH-21C 137

UH-19D 77

CH-BhA 72 _'

Average Weight 99 pounds

This average shows the reasonability of the 96 pounds used

for the high speed configurations.

%

--H ..... ,--- i

•r_- , ..... v-t - _,'_ , _ ,,c _'_ ' _W_'Z4"m_'_'%'"
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6.4.2 Sample Weight Calculations

Paragraphs 6 .4.2.1 through 6.4.2.24 contain _ample calculations

showing the use of the estlmat_ig methods of Paragraph 6.4.1. The configu-

ration used for this application is the heavy lift Jet flap point _esign.

A tabulation of the derived component weights is presented in Table 6-1.

6.4.2.1 Rotor Group

.238 .525 .417 .955 .524

o I
WDG = Design Gross Weight - 82,500 __

NZ = Ultimate Load Factor - 3.75

RM = Radius of Main Rotor Blade (Ft) I 72.5

! BLA - Total Blade Area (Ft2) - 829

RPM = Rotor RPt4 - 8_.5

KI - 1 0.916

.238 ._ .4z7.955 _2_
w_ . o.oo9_1(82,5oo)(3.75) (72.5) (829) (_._) Ix o.9z6

. o.oo_ I(z_..n)(2)(5._)(6oz)(zo.3)[x o.9z6
m

- 9,583 pcam_

6._.z.2 Sor.:t=.ontaz_,,',

•53'T .585
w°=._=.,=s=._.=ontsz_a. o.37=5I(,%) (sin,)

WDO - DesignOro,,=We_ - 82,500

p -'=

|
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6._.2.3 Vertical Tall

.794

WDG - Desi_a Gross Weight - 8__,500

SHT - Ares Vertical Tail (Ft2) - 94

_ . o.oo_Ic8_,5ooi7°_94i7_1°°
. o.ooz_ 1¢_,3_8)¢_._)I
= 491 pounds

,e,_,,_0,_-O_ I<_.,)_._>'?'i_Oi_.i_IX.,
WDG = Design Gross Weight = 82,500

NZ = Ultimate Load Factor = 3.v5

SF = Wetted Area of Basic Body = 2_500

L = Lensth of Bo_V = 103

D - Depth of Bod_ " 5.7

B = Width of Bo_7 = 11.7

KI " - i._

.6s i._9 .mS .19 .k6 .56
w_o . o.o2o_5J(e_,._o)(3."_)(2,,soo)(_3)(_.7)(u.7)]x _..zze't

|

©

/:i
6-_o

',I_: -_"_::_ '" • . _,. -.. u_,,..--.,- --_ -';" _: '-_:"/"5:'+-:':.. "" ._ ...... _:-_-_ ..... :': _--__::_-:"'_ l_'i ...- li _
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6.4.2.5 Landing Gear Group

a. Main Landing Gear
I.O1 1.12

Weight Main Landing Gear = 0.0053 (WDL) (NL) I K1

WDL = Design Landing Weight = 82,500

NL = Ultimate Landing Load Factor = 3.75

K1 : = 1.26

1.01 1.12 jWM3 : 0.0053 X (82,500) (3.75) X 1.26
I

= 0.0053 X (92,767)(4.4)I X 1.26

WMG = 2,739 po ,nds

b. Nose Landing Gear
i.193 =

Weicht Nose Landing Gear = 0.00107 (WDL)

WDL = Design Landing Weight = 82,500

1.]-93

WNG : 0.O0107 (82,500)

: 0.00107(7_,ooo)

WNG : 796 pounds

6.4.2.6 S,ArfaceControls Group

•736 .592 .203 1welghtS faceto.fro1,--0.  15I(W ) z)

WDG = Design Gross Weight = 82,500

Nz = Ultimate Load Factor = 3.75

= LengthofBody(_) = ZO3

•, ,m .................

...._ :: . .,_-....._ >_-i._•.t:_:._=<-__:_
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.59"2 .203

= o.08¢_[(4,_561(2._8)(2.5_)I
= 2,083 pounds

6.h.2.7 Engine Section

Weight Engine Section - .22 (WE)

WE = Total Engine Weight

WES = 0.22 (3,_0)

WES = 757 pounds

6._.2.8 __

Engine Weight = 3,400 pounds (Figure 6-9)

This is for two engines and was obtained from Allison.

6._.2.9 Air Induction System

Weight Air Induction =(I ib/ft2)(Len6th)(Diameter)(_ )(Number of Engines)

WAI = I(1)(9)(2.48)(3.14)(2)I

6.h.2.10 Exh_uat S_.ste.m..'

Exhau,t System= (i._5ib/_t2)(Le_h)(Dieter)(_)(N_berotEnglne,)

WES - I(1.25)(6)(1.8)(3.1_3(2)I

WES = 85poun_

6._.2.11 Lubricating (Engine) System
.52

Weight Lubricati_ System - 3.7062 (WE)

WE = Total Engine Weight = 3,_40

.52
WLS = 3.7062 (3,h_O)

= 3.7062 (69) 0

wm - _ _,

4

....... _"""_;'" '_:"_".:_";, " '"_"" ,,r."-_"----"--.-
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6.4.2.]2 Fuel System

Weight Fuel System = 0.073 (Weight Usable Fuel)

Weight Usable _k_el = 4,270

WFS = 0.073 (4270)

WFS = 312 pounds

6.h.2.13 Engine Controls

Weight Engine Controls = 30 ib/engine

wee = (_n)(2)

wEC = 60 pounds

6.4.2. lh Starting System

/

Weight Starting System - 30 ib/engine

WSS = (30)(2)

WSS = 60 pounds

6.4.2.15 Drive System

Weight Drive System

WDS = 3,730 pounds (See Paragraph 6 .h.l.15 for Derivations)

6._.2.16 Co_ressor - For Jet Flap

Weight Compressor

wc = 51o_u_s (_4m_ 6-io)

t
k

6-53
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6._.2.17 Instln,mentationsand Navigational Group

Weight Instrumentationand Navigation Equipment

WIN = 300 pounds (See Paragraph 6.h.I.17)

6.h,2.18 ._draulic Group

•_89 .891

Weight Hydr:,u]icand Pneumatic = 0.158817 I(WDG) (Nz) #

WDG = Design Gross geight = 82,5OO

NZ = Ultimate Load Factor = 3.75

WH+P = 131 pounds

6.4.2.19 Electrical Group

Electrical Weight

WELECT = I,OCO pounds (See Paragraph 6 ._.i.19)

6._.2.20 Electronics --.

Electronics Weight

WAV = 290 pounds (See Paragraph 6. E. 1.20)

6._.2.21 Furnishings Grou_

Furnishings Weight

WFUPJ_ = 350 pounds (See Paragraph .6.4.1.21)

6._.2.22 Heat aria Venti]ation

Heat and Ventilation

WH+V = 50 pounds (See Paragraph 6 ._.i.22) _-)
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6.4.2.23 .Auxiliar_Gear Group

Hoist Equ:tl:_e nt

WHOIST = i,500 pounds

6.4.2.24 Useful Load Component.§

JET FLAP SHAFT DRIVEN
HIGH SPEED HEAVY HIGH SPEED HEAVY

LIFT LIFT

CREW (2)/(3) 4_ 6OO 400 6OO

FUEL- UNUSABLE 83 43 18 30

FUEL- USABLE 8,284 4,270 1,742 2,992

OIL - ENGINE 20 70 20 70

CARGO 4,000 40,000 4,000 40,000

TOTAL (12,787) (_,983) (6,180) (43,692)

6.4.3 Weight Estimation Methods and Equations - Part II

Weight estimstlng methods used in Part I and Part II design

studies are the same with one exception. This exception applles to the

st•tlatical equation used to derive the fumelage structuralweig_. Zn

Part I the fuselage structural _igi_ of the High Speed and Heavy Lift

Configurationswere derived uslng the same statistical equation only with

!the K1 factor changed. In Part IX, however, two equation| are used to

estimate the fuselage structural wight. One i8 uaed for the High Speed

Configuration (new) and the other (the same one used in Part X) for the

Heavy Lift Configuratlon8. Xn this harmer, • better nateh occurs bet_men

the type of fuse_ege and the _e_istleel data uaed to e_Inate the weight

; '=_ of the fuselage eemponent.
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The statistical equation used to derive the structural weight

of the fuselage for the High Speed Configurations (Part II only) is as

follows:

WtBody = 0°031795 WtDG' x DB

Where: WtDG = Design Gross Weight

LB = Body Length (ft)

DB = Body Depth (ft)

NZ = Ultimate Load Factor

6.5 WEIGHT STUDIES

6.5•i Introduction

This section contains the results of a drive system weight study,

and an estimated weight distribution of warm cycle Jet-flap configuration.

These studies were conducted in order to form a reasonable

technical base from which weight changes caused by conceptual variations

can be evaluated. The drive system stud_ consists of designing and conducting

a weight analysis of a drive system sized for a payload of: (a) 2 tones, (b)

6 tons, (c) 20 tons, and (d) 50 tons. A _e detailed discussion of these

designs is presented in Paragraph 6.5.'_. Table 6-_ is a weight stumsry of

all the designs. Tables 6-5 through 6-9 e_tain the detailed weight calculations

of each design.
;l

Replaelng the eel4 eycXe propulsion arrangesmnt with a wara

cycle systAm results in a h_vier design. The hesvy lift _et-FXap _tAon (_
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is used for this study. A more detailed discussion is given in Paragraph

6.5.3 Table 6-10 is a tabulation of the estimated weights of the warm cycle

configuration.

6.5.2 Drive System Design and Weight Study

The variations in drive system weight was dt_ermined for the

high speed shaft-driven configurationwith payloads of 2 and 6 tons. Payloads

of 20 and 50 tons were ana/yzed for the heavy lift shaft-driven configuration.

For the 2e-ton configuration, two concepts were analyzed: (I) totally shaft-

driven, and (2) power split of 75 percent from shaft drive and 25 percent

from the Jet-flap system.

A summary of the weight results of this study are shown in Table

6-4, and a more detailed discussion of the various designs is given in Section

! 5.0. Component weight calculations are prennted in Tables 6-5 through 6-9.

6.5.3 Warm Cycle Jet Flap Stu_

A parametric weight analysis as described in Paragraph 6.3.1 was

conducted for a warm cycle, heavy lift Jet-flap configuration. Thin data

was combined with a_c data; fr_ th_ resulting sizing stu_, a point

design was selected. The warm cycle concept (_ists of a turbofan engine

exhausted directl_ into the rotor duct.

The satiated weight of the _ cycle configuration is given

in Table 6-10.

6-_7

° -
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Table 6-5 Gearbox Weight Derivation

High Speed Configuration Two-Ton Payload

COMPONENT CALCULATIONS WEIGP_
- n m,,m l, ,

Design No. 1

GEARS

Dia = 8 In. Vol = (_)(r2)(t)

No. = h Vol = 3.1h I(h)2(2.5)I = 126 in. 3

t = 2.5 in.

Wt = 1126 - (0.3 x 126) I (4) (0.283)

Wt = l'q8 in. Z) (4) (0.283)I iO0.00

Dia = ll.h In. Vol = (_)(r2)(t)

No. = 1 Vol = 3.14 I(5.7)2 (2) I = 20_ in.3

t = 2 in. _

Wt = 1204 - (.3)(20_) i (0.283)

Wt = (143 in.Z) (0.283) hl.O

HOUSING

= (,)(_,)2(2) + (11,.x 30x 1.o)

_c,._. + (5 _ _ _ :n..o)+ ICzoo)Cp)(o._)l

(0.063) _.o ii |i

TO2AL WEIGH_ PER GEARBOX (195.0) i
i

?

]_ ,,,
ii i Hm ........... , .......................

__": _- _ - _._._._ _. _ .......... _,,_,.',"i_"_:i',=.L_,i["'i=./::_........ :._. _ _,.,._. '::":_i_'.........:':_.'_:*_._,',..... "
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Table 6-9 Gearbox Weight Derivar,ion

High Speed Configuration Two-Ton Payload (Continued)

i ill • , f

COMPONENT CALCULATIONS WEIGHT
,,,, ,,

ALTERNATE DESIGN

GEARS

Dia : 13.2 In. Vol = (_)(R)2(t)

No. = 2 = (_)(6.6)2(i.O)(2) = 272 In.3

t = 1.0 In.

=t272- (.3)(272)I(0.283)

= [(190 in. 3) (O.2P3)] 5h.O

Dia = i8.g In. ,1ol= (r)(R)2(t)

No. = 1 = (_)(9._)2(i)(i) = 280 in.3

t = 1.0 In.

Wt = 1280 - (.3)(280) I (0.283)

: l(l_in.3)(o.283)I 56.0

HOUSING

MAGN. W% = (6.6)2(1) + (32)(20)(i)

+ I(io9)(5)(.5)I(o._3) 66.0
,, i , • ,,,

TOTAL WEIGI_ PER GEARBOX (176.0)

g4_

i
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Table 6-6 Gearbox ;eight ._erivations

High Speea Confiquratlcn _;-Ton Pay&o_d



IT

Table 6-6 Gearbox _eight Derivations

llighSpeed Configuration 6-Ton Payload (Contd)

'" ..... I

COMPO,J_XJ'2 CALCULATIONS WEIGHT

_ ,,, , POUNDS

BEARING-UPPhH (i.0 × 1.2 x 2_ x 4.i6) × 0.2_3 V.O
SHAFT

SEALS-UPPER (f 6 x 0.o x 2_ x 3,O) x 0.020 1.0
LOWER (C,6 x 0.6 x 2_ x 3.6) x 0.020 1.0

BEARING RET. (0.6 x 0.8 x 2n x 1.6) x 0.2_3 4.0

(2) Req (0.6 x 1.O8 x 2n x 1.2_) x 0.283 3.0

GEAR UPPE2 (].2 x 0._ :_ 2_ x 0.O) x 0.063 1.O
PINION-IDL,Ji

(2) Req

BEARINGS (0.6 x i.O_ x 2_ x 5.3) × 0.283 b.O

GEAJ_CTR I(0.6 x 2.0 x 2_ x 4.4) + (2.6 x 0.32 x 2_ X h.24)
SUN + (l.h x O.h x 2;"x 5.0) + (1.6 x O.h x 2_ x 5.6)

+ (2.0 x 1.6 x 2_ x 7.0 x 0.6) I x 0.263 49.0

GEAR RII_G

LOWER (l.h x .,6 x 2_ x 9.0) x 0.2_3 i_.0

UPPER (2.5 x .72 x 2_ x 9.6) x 0.283 30.0

GEA/ISUN I(0.6 x 3 x 2_ x 4) + (1.d x 0.4 x 2_ x 5.2)

UPPER + (2.8 x 2.2 x 2_ x 6.8 x 0.7) I x 0.2d3 70.0 1

IIDLER-LWR (2.6 x 0.8 x 2= x 1.28) x 0.062 x 2 2.0

(2) Req
IDLJSR-BRG (0.56 x h._ x 2_ x _.2) x 0.283 2.0

!IOUSING-PWR (3.2 x 1.2 x 2_ x 1.6 x 0.6) x 0.283 x 2 lh.O

GEAR (2) _leq
GE2dlPWR

_EVEL (2) Req 1(0.2 x 2.0 x 2,r x 1.0) + ((,.d x 0._. x 2_ x 1.O)

+ (O._Jx 1.0 x 0.5 x 2. x 1.5) I x 0.283 x it 5.0

[(3.ox 0.6,2. ,, 2.0) z.2,2, x z.6)lGEARS-UPPER

PLAI_ZT(8) Req x O.283 x 8 " ' 68.0

HARDWARE _/IDMISC (Z.5%) 79.0
• iii I

TOTAL WKIGIIT PER GEARBOX 607.0

%

m m"
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Table 6-8 Gearbox Weight Derivation Jet Flap Concept
20-Ton Payload 25% - 75% Power Split (Contd)

CO_OI;ENT CALCULATI ONS WEIGIfT

POUI;DS
I i i ,

0VERR_JIJ!-_:G 80

CLUTCH (2 Req)

I_'JPUTGEARS From Engines 58

(2 Req) W = I(7)(h)(0.3)(_); h(1)(3)(2=) I (0.283)
= 29 lb each

BEARINGS A_;D l0

RETAIUERS (2 Req)

GEAR TO BULL 162

GEAR (2 Req) W = I(O.h)ClO)(h.5)(_) + (0.h)(6)(12)(=)

+ (2)(i)(18)(n) 1 0.283 x 1.10 -- 81 ib
!

BEARING SET

(2 Req) OD - 5.4 ID = 3.7 N --2.5 14

_ ( W = 0.18(5.h 2 - 3.72)(2.5) = 7 ib{

i SUPPORT MAG 63

(i Req) W = (15.5)(36)(_)(0.5)(0.065)(i.i0) = 63 ib

! SUPPORT BEARII;G 17
(i Req) OD = 20 ID = 17.5 N = i

w = o.18(2o2 - 17.52)(1) = 17 Zb

SPLIT GEAR SET 80

(2 Req.) W = (3.0)(1.8)(7.6)(")(0.283)(i.i0) = hO ib

BEARING SUPT. TO I0 [

GEAR (2 Req) OD : 6.9 ID : h _ N = i
I

SLEEVE W - 0.18(6.92 _____'".52)(I) = 5 ib Ib 2_

(2 Req) ,,. W • (5.5)(5.0)(0.5)(")(0.283) ,= 12 Zb

BULL GEAR 158
(i Req) W - (2)(3)(27)(,)(0.283)(i.i0) - 158 Ib

S_GEAR-LOWER 186
(i Req) W • (19)(0.5)(,)(20)(0.283)(I.i0) • 186 ib

< SUNGEAR B_RI:_G _3(iaeq) oD - 23.50D- 2__ - 2.1

w. t

6-67 -_

m. I! I I
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Table _.6-8 Gearbox Weight Derivation Jet Flap Concept
20-Ton Payload 25% - 75% Power Split (Contd)

COMPO_EIJT CALCULATIONS WEIGHT
POU_DS

UPPER PLANETS 190.1 ib each 721

(8 Req) Inner Race (1)

W = (2.5)(0.8)(h.5)(_)(1.10)(0.263) = 8._

Lower Retainer (i)

W " (h,5)2(O.5)(o.785h)(o.283) = 2.3

Gear (])

W - (h)(2)(9)(_)(1.i0)(0.283) = 70.h

Bearing (I)

W = 0.18(72 - 52)(2) " 8.6

ROTOR BRAKE Allowance 200

( (i Req)

ACCESSORY DRIVE Allowance _ 500

SECTIOII (i Req)

TAIL ROTOR DRIVE Allowance 500

SECTION (i Req)

LUB SYSTEM 150

Oil Pumps 50

Cooler Inst. 75

Lines and Fitting 25

CENTER DUCT/SUPPORT

(i Req) W • ,(15)(87)(0.25)(0.101) • 103

._ l_l.se, lOS T20

II I I I ill

Use 8,000

:6-@

i I
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Table "6-9) Gearbox Weight Derivation
Heavy Lift Configuration 50-Tan Payload (Contd)

i I n I II

COMPON_T CALCULATION _1_I
• I I

OWERCASE (7 x 1.5) 2. (38) (0.06U) 160

{ix 2) 2','r(35) (0.064) 197
x 1.5) 2_ (33) (0.064) 139
x 2)2_(30)(0.064) 121

(3 x 5) 2= (27) (0.064) 163
(5x z.5)2,,(30)(0.064) 9o

x 2.._ (0.064) 169
x 2= (34) (0.064) 164

LOWER MAIN

HRNG (i Req) Cross Section 2 x 3 = 6 in.2
R • 15 in. 21r(15)(6)(0.283) = 160

LOWERSEAL
HOUSING(POWER) Cross Section I x 5 : 5 in. 2
BD'_ GEAR 2.(7)(5)(0.06_) x 4 : 56
R = 7in.
(4xeq)

LOWER SEAL Cross Section 2.5 x 3 = 7.5 in.2 _)
(PO_rERBEVE5 GEAR) 2_r(5)(7.5)(0.05)(4) -- 1_7
R : 5 in. (4 Req)

MISCELLANEOUS

BRINGS, HOUSING,
ETC. 200

samara m:/,,..,,a. _- _,a,i_ (mlla. 3)

"/_ (D,,2 - D_.z)
[ O."83(o.'ms)(m'_- _")3._

umo_. z_ _. o.183(o.78_)(8_)(ioo). z,87o
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TAHLE 6-10 HELICOPTER WEIGHT ANALYSIS APRIL 5, 1968 POINT DESIGN

SEA LEVEL STANDARD TAKEOFF THRST/WT = i.i,0 DEGREES F
WAPJ4CYCLE HEAVY LIFT JET FLAP HELICOPTER THREE N_DES

_ I | I

1 Main Rotor Blade Assembly 73,116
2 Main Rotor _io and Hinge 0
3 Tail Rotor O
4 Horizontal Tail 268

5 Vertical Tail 506

6 BasicBody 8,421
7 Booms/Other Structure 0/O
9 Main Landing Gear 2,711

i0 Nose Landing Gear 780

Ii Surface Controls 2,083
12 Engine Section 436
13 Other Structure 0

14 Total Structure (28,32_1)

15 Engine 1,980
16 Tip Burners 0

17 Air Induction System 614

18 Exhaust System 2,275
19 Cooling System 0

20 Lubricating System 192

21 Fuel System - Tanks and Plumbing 349
22 Fuel System - Other 0

23 Engine Controls 60

24 Starting System 60
25 Drive. System 0

26 Compressor 0

27 TotalProma, ion (5,530)

28 Auxiliary Power Plant O

29 Instrument + Navigation Equipment 300

Hydraulic and Pneumatic 130Electri cal/Electroni cs
33 Armament I,290

_o/

34 Furnlshlnp 350
35 Air-conditionlng + Anti-icing 50
36 Auxiliary Gear 1,500

Other Fixed Equipment
o

Mfg. Variatio_ (Contingency) 0

39 TotalFixed F._l_nt (3,620)

_o_ welf_ _ - (37,_) -
* 60o/

_3 Fuel - Un_&ble/Intermal e !18/&,810
_5 Oil - Umm&ble/Em61ne o170
,_7 _ ._dzir,a.*/car,_* o/_,ooo
:? ,mu,_L_Lon*/OUm_ 0/9

_/Ot_r _efml 0/0
zosa.zu,o-z,z_ (_._e)

_ (m_,, _,o_ _,_ (e3,ooo)
im

• _..lu_ mmmO_mt_ W_

6-73
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Table 6-7 Gearbox Weight Derivation

:iea_ Lift Jhaft Driven Concept 20-Ton Payload

%o-_-67Jf:iT CALCU_TI0_ WEIG1i_
POUi_DS

POWER_VLL _AR WGS_ = 130._87(mip/_p:1)1.21= i3_._7[_500_1"21
o0oo f

l

SHAFT ,%/JDB_#JilJGS = 149 2 x 149 = 29_

(2 Req)

POWhR JhVEL GEAR Use .42857 (Gear, Shaft and Bearing Wt)

CASh (2 Heq) We =.42d57 (298) = 12_

_EVELG_ARSm_FT WGS_ : 138._7/_50011"21: _55
32o0!

2 x 455 910

UPPER BEVEL GEm_

CASE (2 Req) We = .42[_57 (910) = 390

SPUR GEAR Solid Gear = _[{2h = _(6) 2 3 = 338 in. 3

(2 Heq) 338 - 30% (338) = 236 in. 3
R-6 in. h=3 in. 236 x 0.283 = 67 67 x 2 134

BULL GEAR Solid Gear = _(21) 2 2 = 2780

(1 Req) 2780 - 0.30 (2780) = 2780 - 83h = 1946 in,3

R=21 in. h=2 in. 19h6 x 0.283 = 550

LOWER BEARING Cross Section 3 x 2 = 6 in.2

R=II in. (i Req) 6 x 2_ x 0.283 = 118

LOWER SUN GEAR Cross Section 0.9 x i0 = 9 in.2

R=9.5 in. Wt. = 2_ (9.5)(9)(0.283) = 152 _
(ireq)

PLANETARY GEAR Solid Vol = WR 2 h = _(5) 2 h - 31h in.3

LOWER (6 Req) 31_ - 0.30 (31h) = 220 (0.283) (6) - 37h i
R=5 in. h=h in.

RIIIGGEAR (LWR) Cross Section = h x 2.5 - i0 in.3

(i req) R=21in. 2r (21)(10)(0.283)- 37_

ROLLER BP_G

(I/_ PLA/IkTARY Cross Section - 2.25 in.2
GEArr-_oin. Wt.- 2, (_0)(2.25)(0.28_) _0
(__e_)

CASE (LWR PL_IETAR_ Cross Section - 8 x 1 - I

_,a) _._ in. wt.- _, 1_)18110._8_1-82_in'2 i(2 _e_) 2_ x _28

Jm m

II I , ' I I " I '
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Table 6-7 Gearbox Weight Derivation

Heavy Lift Shaft Driven Concept 20-Ton Payload (Contd)

1

GUMFOAE_T [ CALCULATIOI_ WEIGHT

POUIJDS

i

IHOUSING BETWEEN
IRING GEAR Cross Section = 0._ x 6 = 5 in. 2

iRm2h in. h=5 in. Wt. = 27 (2h)(5)(0.283) = 223

(i Req)
UPPER PLA_IETARY Solid =_R2h =_(5.5) 2 4 = 380 in.3

GEARS R=5.5 in. 1380 - 0.30 (380)I = 266 in. 3 266 x 0.283 x 8 = 600
h=h.in. (8 Req)
ICASE (UPPER Wt. = 2_ (18)(9) x 0.283 x 2 = 576

PLANETARY) (2 Req)
UPPER RING GEAR Cross Section = 3 x h _:12 in.2

IR=25 in. (I Req) Wt. = 2_ (25)(12)(0.283) = 533

UPPER SU_IGEAR Cross Section = 9 x 1 = 9 in.2

R=12.5 in. Wt. = 2w (12.5)(9)(0.283) - 200
(1 Req)

UPPER SPLINE CASE Cross Section (3 x i) + (6 x i) = 9 in.2

R=12.5 in. (i Req) Wt. = 2_ (12.5)(9)(0.263) = 200

UPPER I£_IN BEARING Cross Section Bearings 1.5 x 3.2 = h.8 in.2

IR=I! in. (i Req) Wt. : 2_ (11)(4.8)(0.283) = 9_ / )
ILOWER BRNG CASE Cross Section - (6 x i) + (2 x 1) + (3 x 3) = 17 in 2
IR=ll in. (i Req) Wt. = 2_ (11)(17)(0.283) " 332

UPPER CASE Cross Section = (1.5 x 22) = 33 in.2

(OUTSIDE) R=I8 in. 2_18 (33)(0.101) = 377

(1 Reo)

iCENTER CASE Cross Section = (3 x i) +(_.5 x i) + (i0 x i) = 17.
OUTSIDE R-25 in. Wt.= 2_ (25)(17.5)(0.101)= 277

LWR CASE Cross Section - (12 _ 0.6) = 7.2 in 2 and (7 x i)

(OUTSIDE) + S (2 x i) = ii in.2
JR=30 in. Wt. = 2. (30)(7.2)(0.i01) = 138

wt.= 2_ (3_)(11)(o.1o1): 238

s_u_ (,OWER) VoZ=_(Ro2 % Rz2)
Ro= 9.6in, "I(9.6)"""(9.O)=I30= i0_Oin.e
R1 = 9.0 in.

= 30 in. Wt. = 10_0 (0.283) - 292

. s,u_ (uFmm) voz=_,(,,,$- R_2) _

"1 " Ii.5 in,
• _o in. wt. • (,r)(_)(0.283) -. _35

_, MISCELLANEOUS BR_IG8 Eli/ted i00 ,,

iol ........................ 861 ...,
_- mumm mm_ ....I_iii_i- /

*:_ ....... _i41t ......... */

' I '"I' m /
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Table _6-8! Gearbox Weight Derivation Jet Flap Concept

20-Ton Payload 25% - 75% Power Split

CALCULATIONS IWEIGHTCOMPONf21T
Y

POUI_DS
i i

[lOUSING

(i Req) Upper - ;ia4_. 346

q
V = I(22)(I)(16.5) + (7)(1)(22)

+ (1.5)(2.5)(25.5)1 21r + 3 1(8)(2)(2)

+ (0.5)(15)(22)11 1.2 = 1.2 (3849.2h + 591)

= 5,328 in.3

W = 346 ib

Lower _ Mag. - outer 369

V = I(2)(0.75)(25.5) + (h.5)(0.5)(25) + (3.5)(1.5)(23)
I

+ (2.5)(0.5)(25) + (h.5)(0.5)(26) + (2.0)(1)(26!5)

( + (h.0)(0.5)(29) + (13.5)(0.5)(30) + (i)(i)(30._)

+ 2 (6.5)(0.5)(5)1 (2_)(1.2)

+ (ii)(17)(0.5)(2_) = 5,672 in.3

W- 369 ib

Lower - Mag. - inner 29

V-' (10)(0.5)(12)(2)(_')(1.2) : h52 in.3

W = 29 ib

Sump Cover - Alum 25

V = (20)(2_r)(20)(O.lO)(O,lO1)=

W= 25 ib
h

i

0

 'mWl I ., .
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Table 6-8 Gearbox Weight Derivation Jet Flap Concept
20-Ton Payload 25% - 75% Power Split (Contd)

COMPOI_ENT CALCULATI ONS WEIGII_

POL_D_c
i,, ,ila i i, ,,

|LOWER _EARING 3h
(i Req) !OD = 20 ID = 16.5 Width = 1.5

W = 0.18 (202 - 16.52}(1.5) = 34 Ib

Inner Support 26

W = (h)(0.5)(8)(2,7}(0.283) = 28 ib

Lower Support 19

w = (3.5)(0.3)(I0)(2,T)(0.283) = 19 ib

Retainer Nut 15

W = (i.0)(i.O)(8.5)(2_)(O.283) = 15 ib

UPPER BEARING 188
(i Req) OD = 32.8 ID = 26.5 Width = 2.8 )

W : 0.18 (32.82 - 26.52)(2.8) = 188 ib

Upper Retainer 6

W -- (0.5)2 (13.5)(2,)(0.283) = 6 ib

Lower Retainer

W : (2.0)(0.3)(16.5)(2_)(0.283) = 18 lb 18 i

UPPER BEARING 22

(i Req) OD = 29 ID = 26.5 Width = 0.9

W = 0.18 (292- 26.52)(0.9) = 22 lh

BEARING SUPPORT 27
(1 Req) W,, (_)(0.25)(15)(2.)(0.283) = 27 Zb

SEAL Sea/. k
(zRe_)

W • (1)(1)(13.2)(2,)(0.050) - k lb

ROTOR SIIAI_'T

W • (")(72)(25)(0.9) �2(7)(1.5)(18)(,)(0.283)1,775 1

• 1,775 ib

l ' I w
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Table 6-8 Gearbox Weight Derivation Jet Flap Concept
20-Ton Payload 25% - 75% Power Split (Contd)

i i| i

-ICOMPOIIENT CALCULATIONS WEIGIIT

..... POUNDS

RING GEAR V = I(2)(I)(19.5) + (4)(0.5)(22) + (4.2)(6)(2h.5) 1 615

l

(i Req)
f

+ 2(1.5)(0.8)(25.2) + (3.5)(1.3)(24) I (2_)

(i.i0) --2,172 in.3

W = 615 ib

UPPER Sbq_GEAR 280

(lReq) w = I(4.o)(2.2)(i_._)+ (2)(1)(n.5)

+ (3)(o.5)(12.5)I(2_)(o.283)(i.io)- 2_oib

UPPER SUN GEAR Upper Sun Gear Bearing 18

BEARING (1 Req) OD - 20.8 ID - 18.2 Width - 1.0

(1 Req) W = 0.18(20.82 - 18.22)(1.0) = 18 ib

UPPER BEARING Upper Bearing Support 78 "_

SUPPORT (i Req) W - (10)(0.h)(i0)(2_)(i.10)(0.283) = 78 lb

RETAINER Retainers 20

(1Req)

. LOWER PLANETS Lower Planets hh.4 ib each 355

(8 Req) Center Plates (2)

w = o.785_(_)2(o.8)(o.2_3)= _._

Inner Race (i)

W - (3)(0.9)(_)(")(I.10)(0.283) - 10.6

Gear(z)

w • (2.2)(1.0)(8)(.)(1.10)(0.283) = 17.2

Bearln_(I)

OD " 7 ID " 5 Width • 1.8 _

w = o.z8(72- 52)(1.8)= 7.8

, , i O

! I ! "|'" "'' 'INN "
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Tab]e "6-9 Gearbox Weight Derivation

Heavy Lift Configuration 50-Ton Payload

COMPONENT CALCULATION %[EIGHT
POUNDS

i !i i

3EVEL GEAR, SHAFT WGSB = 138._7(SHP/RPM) 1"21

AND BEARING (h Req) = 138.h87_] 1"21 --75.5
_19oooI

75.5 x 4 . 3o2i

BEVEL GEAR, SHAFT = 138.h87(i__) 1"21 230
AND BEARING (4 Req) WGSB _ ,_' =

L x 230 . 920

SPUR GEAR

(h Req) Diameter = 12 i_chesR = 6 in. Solid Gear = R-H = =(6)2(5.1) = 575 in.3

L = 5.1 in. Cutouts - 30%
:575 - 575 (0.30) = 402 in.3

_2 x 0.283x 4 = 452

SPUR GEAR BEARINGS

(8 Req) Cross Section Area 6 in.2

R = 6 in. 2_5.5(6) 0.283 x 8 = 470
H/LL GEAR

(i Req) Vol. : _R2h = 3.14(21)2(8) = 11,050
R = 21 in. ii,050 - 0.30 (11,050) : 7,635 in.3

h : 8 in. 7,635 x 0.283 - 2,160

HULL GEAR BEARING

(i Req) Cross Section Area = 7.2 In.2 R = ii in.

R = ii in. 7.2 x 2_ (ii) x -.283 = 141

SUN GEAR-LOWER

(i Req) Cross Section (5 x 1.5) + (6 x 3) - 25 in.2

R : 12 in. 25 x 2_ x 12 x 0.283 = 530
PLANETARY

GEAR (LOWER) Wt. --_(5.7)25 x 0.283 x (8) - .30% 705
(8 Req)
R = 5.7 in.
h = 5 in.

RING GEAR Cross Section 5 x 3 = 15 in. 2

u_m (15)2_(2_.5)(o.zSS)= 655
R = 2_.5 in.

SI_GF_R LOW_ Crou Section 2 x S = 6 in. 2
m_ (6 a_) (6) 2,(n)(0._83) - 117 --'_-

sussma(CreTin)cro,,secti_ = (2xz.5)+ (3,1)+ (3,6)=_ _.2
(1 Req) I_= 18 in. _(_)(_)o._s. _5 (5_
_. (SD1i0F_ Crosl Section = 3.17 x 3 - 9.5 in. 2
c_) a. 1__. z,(1_)(9.5)(o._s). _5

6-7o

! I I-|'
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Table 6-9 ;Gearbox Weight Derivation

Heavy Lift ConZlguration 50-Ton Payloau _contd)

!

COMPONENT CALCULATION WEIGHT
PmmD_

PLANETARY = R2h Cutouts = 30%

SEAR (C_TER) _ (7.1)2(6) (0.283) 8-30% : 1,498
R : 7.l in. (8 Req)
ih : 6 in.

RING GEAR Cross Section 6 x 2.5 = 15 in.2

C_]_TER 2_(31) (15)(0.283) = 830
(zReq)
SUN GEAR (UPPER) Cross Section (2 x 2) + (i x 4) + (3 x 7) = 29 In.2
R = 18.5 in. 2_(18.5)(29)(0.283) = 956

PLANETARY _(8.4)2(7)0_283 x 8-30% = 2,450
UPPER R : 8.4 in.

L : 7 in. (8 Req)

BRNG, SUN GEAR (2 x 2) + (3 x i) + (2 x i) : 29 In.2

(UPPER) R = 14 in. 2w(14) (9)(0.283) = 224
(1_eq)
SPLINE GEAR Cross Section 4 x 2 = 8 in.2

( CASE(1Req) 4.5x 1.5- 6.8_n.2
2.5 x 9 : 23 in.:

R = 20 in. 2_(20)(8)(0.283) = 286

R = 17 In. 2_(17)(6.8)(0.283) = 206 '

R : 13.5 in. 2_(13.5)(23)(O.283) = 553

TOP MAIN BRNG Cross Section 3 x 5 = 15 in.2

(1 Req) 2_(25.5) (15)(0.283) 680
R = 25.5 in.

t

RING GEAR (TOP) Cross Section 7 x 3 - 21 in.2

(i Req) 2,(31.5) (21) (0.283) - 1,175
R = 31.5 in.

3ASE (UPP_) Cross Section 3 x iO zn.2 _

26 x I.: _q _.z
5 x 1.5- _ in.=

12,(18)(39)(o.o64)!
. ]

i ©
i
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!
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APPgNDIX A

PERFOI'4_LNCECOMPUTATIONAL METHODS

LTV has developed five computer programs for estimating the perform-

ance of rotorcraft, both Jet-flapped and shaft-driven. The computational

methods for four of them are based on an approximate solution to the Jet-flap

rotor developed by Dr. B. W. McCormick for LTVAC during the summers of 1966

and 1967. The solution is described in Appendix B. The fifth program, desig-

mated LS 0317, is a general rotor loads and performance program developed re-

cently. Program LS O317 was not used directly in the present contract but

indirectly it was used to provide check and trend data. A description of it

is included for information. It is belirled that the program will provide

a powerful tool for future Jet-flap and other rotor design programs. All

five computer programs are described below.

LTVAC Rotor Performance Program No. i. This program was formulated

to compare estimated Jet-flap rotor performance with experimental data. The ap-

proach tsLkenis to simulate a continuous Jet-flap rotor by an equivalent Jet-flap

wing free to flap on the end of a rotating rod. The geometric characteristics of

the rotor system, i.e., solidity, blade twist, diameter, etc., are input with

section lift and drag data for a representative aArfoil section. _ operating

conditions include the average flap angle, 6o, and the flap excursion, 52, as well

as advance ratio, rotor shaft angle, pressure ratio, and tipspeed. _rough an

iterative process, the rotor lift force, prop_ive force, power requirements,

and Flapping anglem aze determined to meet additional input conditions. Also,
1

an azimmth survey can be read e._ whieh Ihon local values of blowiag coef-

( fielent, blade angle of attack, _ eagle, aeetim llft coetTieelent, and

A-1

A
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Mach number. Thus, the occurrence of bla_e stall or coz_ressibilityeffects

beyond which the theory would not be expected to hold can be determined. On

the basis of comparisonswith test data acquired from the First Series Ames

Wind Tunnel Tests of the Dorand D_ 2011 rotor, illustrated by Figures A-I and

A-2, it is concluded that the general method developed is capable of predicting

the performance of a jet-flap rotor reasonably well.

LTVAC Rotor Performance Program No. 2. This program is essentially

the reverse of Program No. 1 in that the lift, drag, and geometric character-

istics of the rotor are input, and the flap deflection for trim is calculated.

This program is used for determining the detailed perforzr-uceof a specific

helicopter as a function of the flight condition. An azimuth survey of the

local conditionson the blade at the 85% radius station is presented in Figure

A-3 for the high-speed jet-flappedhelicopter point design of Paragraph 7.2.2

of the basic report. Since the estimated maximum lift coefficient at the

cruise speed of 200 knots is not exceeded, it is assumed that the stall prob-

lem is minimal. An additional feature of this proKrsm is illustrated in

Figures 3-14 aud 3-15 of the basic report showing required control angles

versus airspeed for the high-speed Jet-_pped helicopter.

LTVACRotor Performance Program No. 3. Program No. 3 is a simpli-

fied form of No. 2. Power requirements in hover and forward flight are cal-

culated for both the shaft-driven and Jet-flap _rametric studies with gross

waight, equivalent flat plate drag area, disc loading, tipspeed, CL , end i

pressure ratio as inputs. The profile, parasite, and induced powers a_e corn- i

puted for a shaft-driven rotor at the desired operating conditions. To produce

this total equivalent shaft horsepower, the blowing requirement for a Jet-

flapped rotor is then computed. O

A-2

• qllllrlll -
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Programs No. 2 and No. 3 have been modified to include the effects

of retreatingblade stall and compressibilityon power requirements at h_gh

speed. For shaft-driven vehicles, the equivalent shaft horsepower was ad-

Justed to agree with Reference 6 of the basic report which includes these

effects. Also based on this reference is the prediction of the upper stall

limit, beyond which flight is not possible. Figure A-_ shows the power re-

quired versus airspeed for the optimum high-speed shaft-driven design predicted

by program No. 3 as compared to CR-II4. The agreement in results illustrates

the capabilitiesof this program. For Jet-flapped rotors, the basic power

requirementswere adjusted by informationobtained from the text

Aero_namics of V/STOL Flight, by B. W. McCormick, Academic Press Inc., New

York, 1967.

LTVAC Rotor Performance Progrem No. 4 (Mission Performance).

Program No. _ incorporates the power required prediction methods of No. 3 and

calculates the fuel required to accomplish an input mission profile. Mission

capabilities include warm-up at a desired power setting, initial hover time,

mid-mission hover time, pickup or drop of payload at mid-mission, cruise at

an input power setting or velocity, and a fuel reserve. A takeoff gross weight,

rotor geometry, equivalent flat plate area, tipepeed, and rated engine size

are also input. The fuel required for each segment of the design mission is

obtained from engine data at the required power. This routine was used to

generate the fuel requirements and miulon performance for all phues of the

l_rametric stu_.

LTVACPrograa LS 0317. LTVACcc_uter program LS O_7 is • general

rotor loads and performance program, _itten in _ IV, which finds the

rotor i.d,.d  lelabyt.tlng bo,.*-7-

A-8
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valued problem. Boundary options include thrust, horsepower, rolling moment,

pitching moment, and/or horizontal thrust component. These boundaries are

met by adjusting collective pitch, A1 control, ._icontrol, shaf_ normal plane

tilt, f]ap angle, and/or slot Jet reaction. The program is applicable to

propellers, helicopters, autogyros, ship screws, rotors using a blown cyclic

flap, and rotors using an adjustable flap with a cyclic Jet. Small angle

assumptions are not used. The induced veloc, at each of 20 blade stations

at 24 azimuth stations (_80 disc points) is found by converging the equation

L : C!_p CU2 with the equation L : 2p--_--2_r (WR_v2)i/2 at each point, using

Spence's equations with empirical Mach co..ections, flap equations, and airfoil

360 ° aerod_mamic tables having Mach effects. Trim is obtained by using matrix

algebra techniques, where a matrix transfer function representing the boundaries

and controls concerned is multiplied by a column of boundary error_ to obtain

a column representing the required simultaneous control changes required to

eliminate the boundary errors. Computer time required is 3 minutes to cal-

culate a 7 x ? ar:_y of partial derivatives (which is subsequently partitioned

into 12 smaller arra_ representing 12 options of control), 2 to 6 minutes to

obtain atrinned solution, and 2 minutes to calculate and print out the detailed

load analysis of the solution. The print-out includes harmonic I_rsis

(seven Fourier coefficients ) of the blade span_ise loads, shaft load, blade

angle, shear distribution, moment distribution, and induced velocity. For

propellers, the aerod_5_mic derivatives and the neutral stability boundary !

are also calculated. Once calculated for a pe_ticular speed, the 7 z 7 i
I

array of partial derivatives can he Put on cards for resding into core for

later problems at the sane |peed. On dsnand, damping de_ivltivel (for use in I

ltrix L_gebra response _) san also he calculated, i
I

£-10 t

1
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Progr_ uses Lnclude paramo_ric etudtee to stud_ the e_oct of

blade ge_etry, aim density and tem_z_ture, _o_1 section, Jet etro_th

and distribution, flight and tipmpeed, power, climb rate, glide angle, turn

radius, and ge_,ez_ rotor orientation. Hover eolutions are obtained in

2 to 30 second_. Since the tip vortex l_ttern im not considered (_ip Xoss

is shaped empirically), the fourth and higher _cs are not meaningful

is program _s developed under the VADInd_pendontReHarch

and DeveZopment progr_. _'_:1_-!_"--I _'_--_-.=1:- _._ _,h_ _._j_-_= "'-_ =----- -
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APPENDIX B

AN APPROXIMATE ,_OLUTIONTO THE JET-FLAP ROTOR

By Dr. Barnes W. McCormick_

Introduction

This pc.per deals with a rotor which utilizes a jet-flapped airfoil as

its section. The Jet-flap serves a three-fold purpose. First, it provides

the driving torque to rotate the rotor, secondly, the flap angle is varied

to provide both collective _nd cMclic pitch control; and finally, higher

section lift coefficients are obtained as a result of the boundary lamer

and circulation control afforded by the Jet-flap.

The analysis of such a rotor is complicated by the fact that the blowing,

jet-flap deflection angles, angular velocity and flapping are all interdepen-

dent. An approach to the solution of the jet-flap rotor is presented in

Ref. B-I which requires iteration techniques and numerical integration of

the rotor aerodynamic forces utilizing a digital computer. The computer

programs which are developed employ a table look-up for the airfoil section

data as a function of the angle-of-attack and Mach number. Section lift and

drag coefficients thus obtained are modified by adding increments to account
?

,_ for the additional lift and thrustprovided by the Jet-flap. In the final

analysis of a jet-flap rotor, the de_ree of sophistication oflered by the

method of Ref. B-I may be required. However, even it is limited by the

assumption of a unifarm inflow and that the maximum section lift coefficient

can be given as the sum of Clmax for the unblown section and the increment

( _Dr. McCormick worked at LTVAC on the Jet-Flap Rotor
\ durlngthesuRmersof 1966and1967.

B-I
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in CI due to blowing for the _mstalled section. Also, by comparison with

the relationshipsto be used later in this paper, one might question the

comparable expressions used in t_iereference for the section lift and dra_

coefficients as a function of the section angles-of-attack,flap angSe and

Jet momentum coefficient.

The approximate solution to the jet-flap rotor presented here develops

relatively simple, closed-form expressions to describe the rotor's behavior.

By comparisonwith test data it al_PeeXsthat the method is adequate in its

description, at least up to the point where the method predicts retreating

blade stall or cG_pressibilityeffects.

The approach which is taken is _riefly as follows. The continuous Jet-

flap rotor is replaced by an equival_nt Jet-flapped wing free to flap on the

end of a long, weightless, dragless, rotating rod. What might appear to be

a gross --__m_!icationactually results for the shaft-drivenrotor in relation-

ships between flapping and pitch angles which require only minor correction

as a function of the advance ratio to agree precisely with more exact solu-

tions. These same corrections were assumed to relate the Jet-flapped wing

to the Jet-flapped rotor.

In addition to the flapping, expressions axe developed for calculating

the required Jet mass flow rate and Jet velocity. For these, the approxima-

tion of the wing is not required.

B-2
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Development of Flapping Theory

Instead of treating a continuous rotor, consider a wing having a planform

are& of S rotating on the end of a long, weightless, dragless rod as shown in

Fig. B-LB-I(a) is a view looking do , on the planform. B-I(h) is a view in the

plane containing the rod and the shaft. B-l(c) is a left-side view showing the

disc plane at an angle-of-attack CKs and the tip-path plane tilted back an

angle of _i from the disc plane due to longitudinal flapping. B-l(d) is a view

looking in along the rod. The wing and rod are rotating about the shaft with

an angular velocity of t_). At the instant the rod is at the azimuth angle

the free-stream velocity has components of V cos _ and V sin _ parallel and

normal to the span of the wing, respectively. As the wing rotates it flaps up

from the disc plane by the angle _ . As shown in Fig. B-l(b), relative to

the wing, the net downward velocity will be:

R/_ os_-V_s

W is the downwash induced as a result of the lift of the wing. If the

pitch angle of the wing is denoted by e, t_en the angle-of-attack of the wing

will be given by:

= @ _ R_ + w +/Vco_-V_,
u.,R + V s,_,._ (1)

If the rod is pinned at the axis so that the wing and rod are free to flap,

then the summation of moments about the flapping axis becomes:

VV"RZ/_ LR --"W'R "VV"R' _=,_! 9
or:

= L. ..i..--_=/a (2)RW R
I /

!

III I I II j_ _1
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k is the instantaneous lift on the wing and_Aris its weight.

Assuming o_ is a small angle, the lift can be written as:

,Sis the deflection angle of tb.eJet flap. The performance of a Jet

flap is a function of the dimensionlessmomentum coefficient C_ . For this

application, Ca, varies with _ . For a mass flow of Mj and a Jet v,-,locity,Vj

9_= l
z_s (_R.v_,._)' (3)

For C_ values up to at least 5, Spence's results documented in Ref.B-2, can be/

closely approximated by:

CL = 217" + 18 C/_

c,.s= ,/',rr_,,.'. _','_, (_)

In the above,o(and _ are in radians.

Hence, using (i), (3) and (h), the lift becomes:

[

c.,
/

M_rVj.

%_= _ f (,oR)"S
V

where: _ . -- - inflow velocity ratio

W

=- _ _ Ss - til_peed ratio
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Considering first harmonic control and flapping only, i.e., let:

(7)

and assume:

/3=/_,, - a, co_ T -- b, s,.T (8)

Since

d_ dt

-_- = a, s,._T---b,_o_ _ (9)

----_= a, cos_f + b, s,_ _ (lO)

Eq. (2) becomes:

L = Ro_"VV"

Now remembering that:

sin _cos_ = 1/2 sin 2

sin2_ = 112(l-cos2• )

cos2_' - 112(I+COS2T)

equation (5) can be expanded using (6) through (i0) retaining only constant

or first harmonic terms in _' . From %he constant terms,

m.6
("

is il ii -- ........ i II __ .].?i I
........................... ,_ , - ._ .... _:i _:,_:._;'_
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Equating coefficients of the sin terms one obtains the longitudinal flapping

angle, aI :

4) "'I _ 2_ 2 (12)

• ," "-"_ _ +- / 4- + @a
4_ 7

I _- I/ z-_ - __
Eouating coefficients of the cos terms results in the lateral flapping

angle, bI:

1+-2-#--

(54- /.8 C_,_+_) C) ' (13)

_'_ (" ' 5 ""/+_- % I+_,+.._-7-
The average lift, is calculated from:

Substituting (5) in (lh) gives:

I

I

f

11-Y
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Now each term not involving Cpa (or for C_ = O) in equations (ii), (12),

(13) and (15) ce.ube compared to the corresponding term obtained by considering

an unblown continuous rotor blade. In leference 2, for example, for a shaft-

driven rotor, aI is given by:

o,
_= , eo + • - -

Using the approximation of a finite wing, equation (12) shows the coefficient

of the eo term in aI to be (for C#a = O)

2#
I-_

2

Hence if the coefficient of the @o term in the aI equation as obtained by the

wing analogy to the rotor were multiplied by82-_or h/S, the resul_ would

agree exactly with the unblown rotor. It was assumed that this same factor

would apply to both the eo term and _ o term for the blown wing and rotor.

Hence, in equation (12), the coefficient in front of the 0o and _ o terms

were all increased by the factor of _/3. Following this procedure for the

remaining terms,

ao= AA,,+@oA,,+e,.A,3+e,A,._+ g2A,_+ _o,4,,, (16)

b,-- /3oS,,- _, + _, 8,_ (l'r)
1
i

i'
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The coefficients, All , BII , TI, FI, etc._are defined as:
4,

y- _ c,,. @+
All =

D .'

, ,+ r8 G,_1 ' _' -.___/G= -g I+,,_ z'n' F£ 7+ "'_=3

m.9
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,U2

_z

I

,-7-5 =. 27r

a= ('+8rr

/8 y C/.
1"7== 2_

= 2Z_,

,.___ Mw
IF c_ =

Bc
(T= rrR

where: I F = blade moaent of inertia about its flapping hinge

Hw = blade weight moment about its flapping hinge

a = C# / rad_27r

c = blade chord

VT =_R

no. of b].ade|

l

B

- T/f VTe,r_2
I

CT

0
910

i Ill I I I I I II ..........
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In forward flight, _ is g_,renby

V_

Using Glauert's approximation for w ,

w= T (21)
2_V_R"

the inflow ratio, _ , becomes:

Cr (22)
A =--fix

Once al, bl,/_ o' 8o' _ o' _i and _2 are known, one can calculate the
/

section az_les-¢" attack from (1) and the Jet-flap angles from (7). If VC is

the velocity of sound, then the local Mach number can be calculated from:

( M= _R V V, V

where VT = 0.3 fl

With this information and the airfoil characteristics, it can thmn be deter-

mined whether or not the rotor section is safe from stall or drag dlTergence.

Tests have been conducted by the NASA in collaboration with the Giravions

Dor_nd Co. of France of a two-bladed Jet flapped rotor described in Ref. B-1 and

shown in _ig. B-2. Instead of blovlng all Llong the blade, the air is ejected

only &long the o_ter 30% of the radius. Hence for such a rotor, by an_o6y _th

the _m_-flapped wing, the Cju R to be used in th4 flapping relationships viii be:

C/I__ _ V.
(23)

!
i

i

i _..1.%
!

|
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Mj is the total mass flow rate being ejected over the flaps, B is the number

of blades, and RI is the inboard radius where the Jet flap begins. Comparing

the unblown wing to the unblown rotor, and correcting the blown wing resultn
r

in proportion, is tantamount to asstmaing that the Jet flap extends all along

the blade. Hence, for calculating the flapping only, not all of the _,calcu-

lated by (23) should be used. Instead, it is recommended that an effective

C_ R be used by reducing (23) in proportion to the fraction of disc area which

is flapped. Hrnce, the effective C/_ R for evaluati_ flapping becomes finally:

M_V_(I (2_)

whe,e_ - _/R

"1
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Power and Mass F_ov Rate Requirements

The power required by a helicopter in forward flight is composed of three

parts, the parasite power, induced power and profile power.

P = P + P. + P (25)
par 1 p

These can be calculated approximately from:

Ppar = 1/2 _ V3 f (26)

P. = 1.15 T _/ (27)
l

where:

f = parasite flat plate area of helicopter excluding the rotor.

Cd = average profile drag coefficient of rotor blades.

In (27) the induced power obtained from elementary momentum tbeory has

been increased by 15_ to allow for tip losses.

For a Jet-flapped rotor driven entirely by the Jet with no torque being

supplied at the shaft, the torque due to +.heJet must equal the opposing torque

produced by the airloads. This latter torque is simply equation (25) divided

by the rotor angular veloclty,CO.

Consider now the torque produced by a Jet-flapped rotor. The thrust

produced by a Jet-flapped airfoil per unit span is: i

where k is the thrust recovery factor and lies between zero and one.

According to Figure 7-12 of Ref. B-2 , k is given closely by:

k = o.8 I-- (29)

C with o( and _ in degrees, tO_ in the mass flow rate per unit span. Applied

to the rotor, the avernge torque of the Jet-flapped airfoil w_ttld therefore be:

•B-IJ
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= 2_(R-R,)

Substituting for k gives:

= 2 _- 7_.oj4_ 17-yd- I xdx (30)

Since the Jet mass flow rate is ics_ing frnm a rotating blade, a coriolis

torque, Qc' must be subtracted _ Qj to give a net torque fr_ the blade.

To calculate Qc' consider Fig. B-3. Here the flow is shown passing through

two control stations a distance of dr apart. The flow leaving has a higher

angular momentum flux than the flov -.ntering by an amount of dQ.

= mu_ 2_rdr

Where m is the mass rate of flow through the blade at the radius r. Hence,

the total reacting torque, Qc' on the blade to produce dq over the blades will

be:

o

or:

ac. _ _3M_(l-x/) (31) "

Defining a power coefficient Cp by:

C "

p fV/_e'

&
H

:=_:,::j=_:i_' 'r:_.i':":_;'.'_;:::"'_.-""..,..'....' :,:.:..-=_'_':-:'-i"j t�/_'::="--;'=::'='.;"""7"":_?":.-'_......'"_ ....._m. -'.
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the net C produced by the motor can be written from (3&) and (31) as
P

[ Vr [I-X/) ,0G68 (FC/:) ] (32)

where the abo_e C/u is calculated from equation (23), and not from (2h).R

FCP is the double integral of the last term in equation (30).

,cP I'
= x Jx __ (33)

/00

The mass flow rate is then determined by equating Cpnet to Cp obtained from

(25). (25) in coeffiuient form can be written in forward flight as:

= _ " _"T (, +3/) ¢3_)Cp 2/"

In hover where/_ = O,

c? _-_
Cp : 1.15 V_" + 8 (35)

If a fraction, _ , of the total mass flow, Mj, is ducted to a nozzle

at the tip, then (32) becomes,

¢'-':J-Cpnet- (l-x,)V,CM_ vj s

In the above C_q has been replaced by a more convenient coefficient CM.

defined by:

.4
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Not all of the coriolis torque actually represents lost power as some

is recovered in compressing the flow as it flows toward the rotor tip. From

radial equilibrium of an element of flow within the blade, the radial pressure

gradient must be:

or Ap(r) = p(r) -p (r =o) = p_ r2c°z2

The total power represented by this compression will be:

R

P = dr

o P

M: _, (RL R/)
_,(R-Rz)

The torque corresponding to the above power is P/6o , or:

JR' M,(,-×/) Q_.
q -- = -- (37)

Hence, half of the coriolis torque is recovered in the form of a centrifugal t

compression of the Jet mass flow along the blade.

0

tr
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Gas Flow Relationships

The isentropic flow of a gas from a reservoir having conditions denoted

by a sub "0" is governed by:
I

u 2 _ P _ P_
-- + - (38)

If the flow is compressed adiabatically from fTee-stream conditions

of P_, _.o and T_ to the reservoir conditions o_ P o' _ o' and To, the

work done per unit mass will be:

[ ]W 9= Cp T. p_T_ j (391

where Pr is the pressure ratio Po/P.

The power will be the product ofV_and the mass flow rate Mj. Hence,

PS = MjCpT._ (PrJIT_--J) (_0)

For air, C = 6000
P

R = 1720

- 1._

Expanding laentropically from Po to p gives a Jet velocity of:

..-[';':-(
I

C_btntng (39) and (_0), the expected result i, obtained tlmt: !

1-11
k

,° ,

_= ' '" I
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Remember, however, that the campressor need supply only part of the abuve.

The rest is derived frum the rotor and from (37) amounts to:

P_(rotor>-i12.jvT2(i-_U (_3>

An interesting result is obtained if XI is allowed to approach one and

complete thrust recovery is assumed. In this case the net power produced

by the rotor becomes:

P.,_= M_-v_.(v:.- v,) "
The power which the cumpressor must supply will be:

i

The ideal efficiency therefore becomes:

P._r 2
4i-- =

5 I + V"
v,

Hence, the rotor system behaves as an air-breathing engine. The coriolls %

torque corresponds to th_ ram drag while the work of centrifugal compression

corresponds to the energy of the flow entering the engine.
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P_ediction of Mass Flow Required For Jet-Flapped Rotor

In hover, the pover coefficient of -rotor can be quickly estimated

from:
_h

cp= 1.15_ + 8 (_)

The first term is the ideal induced power increased by 15% and the

second term is the profile power.

The average rotor drag coefficient, Cd, is related to the average rotcr

lift coefficient defined by

CL = 6 CT/G-

where _ = is the rotor solidity, 8C
_R

From the developments given previously, a Jet-flapped rotor can develop

a C given by eq. (36).P

CJR is defined in Ref. B-I as:

MavJ
CJR =

vT2. R'

Hence, equating eqs. (32) and (_h) and solving for CJR gives:

1.15"C T +

• I-X_r _ ....... S ( _ _ )

car = .z,(I-x=')-
(i-x=')

i FCP is =- iatqral representiag • portloa of the thrust, recovery loss. For
mos¢ cases, FCP cam be aeglecCe4 in colparls== viCh the other terms res=Itlag

in an as_aed c_tant tba-ust recovery from the Jet limp of 8&_.

0
|

...._ _L,,'.,_/,:.,.I',,-._ ..........<. ,_._ ........ _ • ....
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The _elationships developed here were programmed in Fortran IV. Three

separate pro6_a_s w_re developed. The first calculates one rotor llft, pro-

pulsive force, flapping angles, and required mass flow given the disc plane

angle-of-attack, control angles, tip speed and Jet velocity (or pressure

ratio). This program Is used to c_pare with wind tunnel test data. The

second program calculates the control angles and required mass flow given

the tip speed Jet velo,'ity and the required rotor lift and propulsive force.

This progrsa is used to predict the performance of the rotor when attached to

an airframe. Both of these proge_ns iterate on Cp R to obtain • final solu-

tion. Approximately one second of computing time on an IBM 360/h0 RAX system

is required for one set of input conditions. The third prograra neglects

flapping and c•iculates the required mass flow rate and ideal gas power •s •

function of forward speed f_cm equations (32), (36), (_2) and (_3) ass_ing

FCP to be a small, constant value. This program has produced results which

are close to those from the second program. Since it is con_iderably faster

than the flapping program, requiring no iteration, it is useful for preliminary

design purposes.

For comparison with the test results reported in Ref. B-3 the chea_c_eristics

of the 0012 airfoil were ase_ed. Cd as a function of C_ was approxlmated by: i

i
Cd = .ooes" + .008 (61



J

2

From Ref.B-2,A Cr- is obtained in degrees as,

a -q 9,'-o.s

The critical Mach no. as a function of C1 was approximated by:

Mc_= .T_ - .2_5c_ + .o32_ c._2 (]+8)

The above is for a 0012 airfoil at an angle of attack and mat be pessimistic

with regard to the Jet-flapped airfoi).. It should be emphasized that Cimax

and Mca do not enter directly into the calculation of the rotor's perform-

ance. However, once the flappins, C/_ and various angles are determined,

Cimax and /_ca are calculated and compared with the section operating values

around the azimuth and along the blade.

On the basis of many comparisons with test data, it is concluded that f

the general method developed here is capable of predicting the performance

of a rotor both driven and controlled b_ a Jet flap. Also, it will predict

the occurence of blade stall or compressibility effects beyond which the

theory would not be expected to hold. It may be possible to modify the lethod

to extend its applicability into this region of operation but even for a

shaft-driven rotor, such a procedurl is questionable.

|
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